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STATISTICAL OPPORTUNITIES AND RESPONSIBILITIES ! 


By Stuart A. RIce 


Statistics began as the data of statecraft. Statistical connoted political 
or governmental. These connotations have never been wholly lost, and 
recent events have revived and strengthened them. Statistical method 
has been adopted in wider and wider areas of inquiry, but Government 
of late has extended its domain with even greater rapidity. To maintain 
a growing jurisdiction over the affairs of life, Government will be increas- 
ingly dependent upon more and more better statistics. Please note an 
axiomatic assumption behind this statement: Statistical method and sta- 
tistical data are never ends in themselves. They are always accessory to 
some purpose of control. We should then seek to catch the drift of 
events, to appraise the changing social issues, if we, as statisticians, are to 
foresee and understand the tasks to be imposed upon us. The issues and 
events of the present may be summed up in the term, the New Deal. 

I think it was Walter Lippmann who pointed out the antithesis be- 
tween the New Deal and Recovery. The distinction seems valid, but I 
am using the first of these terms in a very inclusive sense which comprises 
much, at least, of the second. We are actually in the process of getting a 
good deal of both. I am voicing, of course, no views but my own. 

The New Deal is more than idealism. Ideals often fade before the 
realities of human nature, economic law and social pressure. We are 
facing fundamental changes in the social order. Laissez faire, in my 
opinion, is dead forever; on the single condition that society does not re- 
lapse to simpler forms of organization, with drastically lowered popula- 
tion and living standards. This is the real alternative to “planning.” 
The New Deal represents an attempt to preserve the complexities and 
hence the standards of our civilization by social control of an economic 
mechanism that is no longer self-operating. Some of the present experi- 


1 Presidential Address delivered at the Ninety-fifth Annual Meeting of the American Statistical Asso- 
ciation, Philadelphia, Pennsylvania, December 28, 1933. 
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ments, as the President so frankly has said, undoubtedly will fail. The 
precise forms of future organization are not now visible. But we cannot 
turn back and I am sure that statistics will be essential in finding the way 
forward. The industrial era was built upon natural science. The era of 
social control will rest upon factual information about economic and so- 
cial structures and processes. 

The parallel between the present period and that of the Great War is 
often noted. Our energies were then gathered together for armed con- 
flict. After much initial fumbling, the dependence of national mobiliza- 
tion upon statistical information became apparent. Soon, statisticians 
were everywhere behind the scenes, trying to measure man-power, in- 
dustrial capacity, and the movements of credit and goods. We benefit 
today from that experience. The period of fumbling has been shortened 
because the initial tasks resemble those of 1918 and 1919. But the 
longer-term objectives differ widely from those of the War. For one 
thing, we don’t look forward to demobilization. With respect to the 
long-term program we are only catching our stride. 

The high- and low-pressure centers in Washington symbolize this con- 
trast. The vast structures sprawling over the Mall near the Potomac, 
the cerebral ganglia of national effort in war days, are now relatively 
somnolent in the hum-drum of departmental routine. To the east and 
north in the Departments of Commerce, Treasury, Interior, Labor and 
Agriculture, and in the agencies of alphabetical combination and permu- 
tation, one finds the seething, innovative activity characte: ing this un- 
precedented Administration. 

The new alphabetocracy sometimes reminds me of the Smiths, a neigh- 
bor family of my youth: In the haste and turmoil of procreation, the se- 
lection of given names for the newest offspring presented a problem be- 
yond the resources of time and attention available to the head of the 
house and his worthy spouse. In the emergency inventiveness went 
only so far as to devise for the infant a new combination of initials. 
““M. W. I.” was launched upon his world of playmates with deferred but 
unlimited responsibility for making these letters mean whatsoever he 
chose. 

I might pause for a moment to divulge (in strict confidence) a prestige- 
getting device, much employed in Washington conversation. The trick 
consists of using new initials glibly, with an air of long familiarity. This 
suggests the possession of inside information, before its release to the 
public. No one remembers the precise initials you mentioned when the 
next agency is announced; and even if he does you can always say that 
existing copyrights had compelled an alteration. Being a Philadelphian 
before a Washingtonian, I must confess certain handicaps in playing the 
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game of initials. I neversay “P. R.A.” without thinking of a system of 
transportation; ‘F. A. C. A.” will ever suggest a stimulating drink; and 
“C. C. C.” reminds me of items on my list for the drug store. But I 
must revert to my theme. 

The prospect for statistics last spring appeared dark. Economy was 
everywhere taking its toll of statistical services. The year has ended in 
the midst of a flowering of statistical enterprises, aided by the Civil 
Works Administration’s employment program, the like of which this 
country has never before seen. In helping to bring about this change of 
outlook, the American Statistical Association has played an honorable 
réle. On many occasions during its lifetime of nearly a century it has 
accepted semi-official responsibiiities regarding governmental statistics. 
In the past nine months this tradition has been broadened and strength- 
ened. Jointly with the Social Science Research Council, and at the in- 
vitation of the Secretaries of the Interior, Agriculture, Commerce and 
Labor, it established in Washington an advisory agency known as the 
Committee on Government Statistics and Information Services. This 
has provided a channel through which the technical assistance of our or- 
ganization has been available to agencies of government. Affiliated 
with it, through interlocking memberships and staff assignments, have 
been the Advisory Committee to the Secretary of Labor, appointed at 
her request by the President of the Association, the Joint Advisory Com- 
mittee on the Census, and a number of other representative agencies with 
specialized statistical functions. The Committee on Government Sta- 
tistics was designated by the President in his Executive Order as one of 
the seven appointing agencies initially called upon to establish the Cen- 
tral Statistical Board. 

This is not the place to review in detail the activities carried on by 
these agencies in the Association’s behalf. The appropriate reports will 
be received in business sessions. Suffice it to mention that the personal, 
working services of no less than thirty of our members have been engaged 
by the first two committees mentioned, and that consideration has been 
given to statistical or informational problems in no less than eleven de- 
partments and independent governmental agencies. 

Many of these problems require wider attention. They cannot be 
settled, by investigation and report, within allotted periods of time, by a 
small number of committeemen and staff. They demand the give and 
take of discussion in an annual meeting. This is the underlying purpose 
of the program opened here today. We are met in Committee of the 
Whole. Weseek to mobilize the information, the skill, and the talent of 
our entire professional Association for an appraisal of the statistical re- 
quirements of our economic and social situation. 
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I shall venture to discuss some of the statistical enterprises and some 
of the statistical opportunities and responsibilities related to those prob- 
lems which seem to me of majorimportance. By explicit arrangement or 
logical necessity, all of these questions in some form or other are certain to 
be given further attention in some one or more of our sessions. 

Preparation of base maps for the United States.—The fact is little known 
that the geographical units to which enumerations of census type relate 
are often unmapped and inexactly described. An American county was 
recently photographed and mapped from the air at a cost of $25,000. As 
a result, tax revenues obtained in one year from newly discovered real 
property, hitherto untaxed and officially unknown, more than paid for 
the cost of the survey. More exact information concerning farm acreage 
and the boundaries of minor civil divisions is essential to the agricultural 
adjustment program. The construction of base maps, therefore, has be- 
come a primary statistical requisite. The United States Geological Sur- 
vey has initiated with Civil Works funds an air photography and map- 
ping program designed to serve census and agricultural adjustment 
needs. ‘Time will permit work in especially critical areas only. The 
complete program should entail four years of work and the expenditure of 
some sixteen million dollars. Related Civil Works projects of the Bu- 
reau of the Census will check its descriptions of minor civil divisions 
against local records, and establish their boundaries. There will still re- 
main some thousands of unincorporated villages, the boundaries of which 
should be established for enumeration purposes. This would permit a 
more accurate segregation than is now possible of the urban, village and 
strictly rural populations. 

Standardization of statistical reporting areas —The N. R. A. has drawn 
attention conspicuously to the fact that population, industry and trade 
no longer fall in patterns corresponding to political boundaries. Wage 
scales in the retail code depend upon the population of “trading areas.”’ 
But what are they? How do they relate to “industrial areas,” to ‘‘Cen- 
sus tracts,”’ to “metropolitan districts”? Other codes of the N. R. A. 
establish regional differentials, but what is the criterion of a region, apart 
from an arbitrary list of States? None of these units is legally defined or 
even legally recognized, but all attest that political divisions no longer 
suffice for many social and economic purposes. Standardized reporting 
areas for specific purposes need to be established throughout the United 
States. These should be of small size to permit ready combination, as in 
the case of census tracts. The statistical tasks here involved are not 
merely those of definition, but extend also to the development for these 
new units of social and economic indexes which will have practicality and 
significance. 
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A census of population —A population census in 1934 is imperative. 
So great have been the movements since 1930 that no one can guess with 
assurance what the present distribution of population may be. Official 
Federal estimates for States and local communities must be abandoned. 
Local birth and death rates, based upon these estimates are already seri- 
ously in error. Any program of revival for the lagging construction 
industries must have knowledge of needs in terms of population. Do 
urban vacancies result from doubling-up or from actual emigration? 
What are the urban markets for agricultural production? The rural 
markets for manufactured products? How are Federal funds for public 
works and for relief to be equitably allocated? Such questions can only 
be answered satisfactorily by a new census. 

A population census, conjoined with the regular quinquennial census of 
agriculture, is advocated by this Association, through action taken a year 
ago at Cincinnati. It has been endorsed by a large number of competent 
specialists, by the American Sociological Society, the Advisory Commit- 
tee to the Census, the Social Statistics Committee of the Social Science 
Research Council, the Population Association of America, and the Bureau 
of the Census itself. In the opinion of the Bureau, the date should be set 
at November 15, 1934. Congressional authorization and congressional 
appropriations will both, apparently, be necessary if the need is to be 
met.*. I earnestly hope that this Association will not flag in its support of 
the necessary action. 

Measurement of population dynamics.—Proposals discussed by the 
Federal Government to transplant populations on a large scale from sub- 
marginal areas call attention as never before to the importance of internal 
mobility. This is a phenomenon of comparatively recent growth—at 
least on its present scale. The concepts and methods employed in 
enumerations of inhabitants originated at a time when population was 
relatively fixed in its habitations. Enumerations in the past have not 
given indications of movements. The Bureau of the Census proposes to 
ask each person counted in the projected census of 1934, ‘‘ Where did you 
live on April 1, 1930?” The problem of tabulation involved in summariz- 
ing the intervening migrations will be difficult but not insolvable. 

Inventories of structures and real property—The preceding proposals 
contemplate inventories of geographical area and its subdivisions, and of 
population, its distribution and movements. We next come to the use 
made of the land. The census of agriculture to be taken twelve months 
hence will show the farm uses. For the first time, a comprehensive in- 
ventory of real property is going forward in sixty-three American cities, 
under the direction of the Bureaus of Foreign and Domestic Commerce 
and the Census, with funds provided by the Civil Works Administration. 
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More intensive data relating, for example, to the private burdens of 
mortgage liens and the public burdens of delinquent taxes will be pro- 
cured for a sample of the universe examined. The way has been pre- 
pared by local studies in Cleveland, St. Louis and one or two other cities. 
Similar surveys in farm areas and villages are in process by the Depart- 
ment of Agriculture and the Subsistence Homesteads unit of the Depart- 
ment of the Interior. I suggest that these surveys lead to and be supple- 
mented by a general census of structures in connection with the census of 
agriculture and population projected for November 15, 1934. 

Inventories of economic activity—What are the processes of making a 
livelihood, engaged in by the people who live and work in the structures, 
erected upon the land? Are we to seek a balanced production of com- 
modities by some system of quotas adjusted through a central adminis- 
trative control? I assume this to be an essential aspect of ‘economic 
planning,’ whatever else that term may mean. This seems to me the 
ultimate direction toward which “self-government in industry” under 
the N. R. A. is looking, although the control of production within a 
single industry, as a practical program, is sufficiently staggering to the 
imagination. In any event we face the immediate question, not lacking 
in acrimonious discussion: What statistics are to be collected under codes, 
and by whom? The labor data seem to me to be the simpler part of the 
problem. The requirements for data concerning consumption of mate- 
rials, production, productive capacity, costs and prices offer greater diffi- 
culties. But these must be cleared away if the New Deal for industry is 
to succeed. 

Many gaps in our statistical picture now exist and will remain. But 
for 1933 and 1934, the census of agriculture, the census of manufactures 
and the census of American business (which includes distribution and 
service industries) should together provide a comprehensive statistical 
view of a substantial part of that picture. All of these inquiries are now 
under way or in preparation. It is hoped that the census of manufac- 
tures, once decennial, then quinquennial, now biennial, should in 1934 be- 
come a simplified annual inquiry with appropriate elaboration at quin- 
quennial intervals. With this annual stock-taking of manufacturing 
activity must be synchronized (if they are to survive) the monthly and 
quarterly industrial inquiries, some seventy in number; and these in turn 
must be revised, report by report, to adapt them in classification, cover- 
age and content to the requirements of industries operating under 
N.R.A.codes. Similar problems pertain to the fields of mining, electrical 
industries and probably to transportation. 

But suppose that Jack, who built the house upon the land, had a job 
and lost it? How many millions of unemployed Jacks and Marys there 





> 4 © DD ee Oo mm Pm ws & &f we = @& mm «bw 


=—s © on @ofrem Aa 6 


~~ 


aos © » © @ Ss 





7] Statistical Opportunities and Responsibilities 7 


are we do not know. Hence the proposal to include a census of unem- 
ployment with the census of population next November. Hence, also, 
the Civil Works project directed by the Bureau of Labor Statistics de- 
signed to develop improved methods of taking an unemployment census 
and of estimating unemployment in the future by using the census as a 
bench mark. 

Statistics of wages, man-hours, budgets and costs of living likewise 
present their respective problems, as thick as cherries on a well-loaded 
tree. We enter ground that is common to the sociologist and economist, 
as well as to the labor statistician. Inquiries in these fields by the Bu- 
reau of Labor Statistics, the Bureau of Home Economics and the Con- 
sumers Advisory Board of N. R. A., some of them coéperatively directed 
by these agencies, are developing new indexes of wide importance to wage 
earners and consumers. 

Price data seem to me of particular importance. If, as we have been 
told, administrative policy contemplates the restoration of the dollar to 
its 1926 value—a level which can only be established in terms of prices 
for commodities and services—then price statistics must provide a key- 
stone for the economic arch or, at least, for a very noble experiment in 
economic control. The relation of price statistics to the administration 
of N. R. A. codes needs only to be mentioned for its importance in this 
further direction to be conceded. 

Banking and credit statistics are of varied development. At one end 
of the scale are the admirable reports of the Federal Reserve and the 
Comptroller of the Currency. In the center, reports may be fair 
(monthly automobile financing, for example); while at the other end of 
the scale, where it disappears in a sociological morass of personal finance 
companies and chattel loans, data are practically non-existent. But 
even at the respectable end of the range, problems emerge. The econo- 
mist may query: Is it possible to determine the flow of funds into capital 
investment as distinct from consumption goods? The answer to the 
question seems “No,” though its importance all would admit. The 
sociologist may ask: Is it possible to classify bank accounts in such ways 
as to identify deposits, withdrawals and hoarders by social status? 
Again the answer is negative, though such information would be of obvi- 
ous value in planning our banking and taxation systems and in stemming 
the tide at times of financial stress. 

These are only a few of the harassing questions of economic statistics 
with which we seem called upon to wrestle. 

Statistical organization and coérdination.—The solution of problems of 
this type is a sine qua non of the successful attack upon all or nearly all of 
the others. There are four major problems of relationship to be solved: 
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First, the codrdination of statistical activities among the regular estab- 
lishments of the Federal Government. Second, adjustments of function 
between these, on the one hand, and the emergency organizations on the 
other. Third, the allocation of functions between the Federal Govern- 
ment and the States. Fourth, the clarification of statistical responsibili- 
ties between agencies of Government and industrial and trade organiza- 
tions. 

These problems criss-cross and overlap in most perplexing ways. 
Does the Bureau of the Census reach an agreement with a trade associa- 
tion for the collection of statistics under a code? It discovers that it has 
overlooked the effect this will have on the collection of employment data 
by the Bureau of Labor Statistics. Does the Bureau of Labor Statistics 
arrange a plan with N. R. A. for reports on payrolls? It is recalled be- 
fore too late that state bureaus of labor may be disadvantageously af- 
fected. The archaic calendar, and the problem of adjusting reporting 
periods, introduce other difficulties. And so it goes. 

There is comparatively little outright duplication of statistical collec- 
tions, but much need of coérdination. The Civil Works project of the 
Census Bureau calling for the establishment of a central card index of 
business establishments, involving a reconciliation of industrial and 
trade classifications, should, if carried to completion, be of inestimable 
value in this respect. Proposals to centralize all statistical work in one 
agency fail to consider that statistics often serve administrative needs, 
and that statistical competency consists by more than half in familiarity 
with the data assembled. Codrdination, and not centralization of sta- 
tistical collection and analysis, is the function of the Central Statistical 
Board. Established under the emergency powers granted to the Presi- 
dent by the N. I. R. A., this agency upon which so many statistical hopes 
are pinned, must come to an end with the expiration of the Recovery Act 
unless congressional action is secured to make it permanent. To secure 
such legislation is of the highest importance for governmental efficiency, 
for planning and for the interests in general of American statisticians. 

In all of this activity there are grave dangers as well as opportunities. 
Utilizing my “inside” vantage point of observation at Washington for 
personal advantage, I am contemplating a corner on accessible supplies 
of door bells, door knobs and rolling pins. I estimate that replacements 
on these domestic articles will be high during the next few months if all of 
the field inquiries recently discussed should be undertaken. My agents 
will solicit your stock subscriptions at the close of the meeting, for I feel 
you are entitled to get in on the ground floor. Seriously, we are threat- 
ened with a plethora of uncoérdinated, inaccurate and undigested in- 
vestigations that, unless harnessed, related and controlled, can only re- 
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sult in statistical chaos. Innumerable States and cities, in possession of 
Civil Works funds, have been proposing to undertake everything from 
censuses of population to measurements of changing waist lines among 
the leisured classes. I trust that before these words are printed a general 
method of procuring coérdination and control of such enterprises will 
have been devised. 

Non-political status for statistical work.—There is a notice I should like 
to write large, and nail to the doors of edifices which I need not mention. 
It would read: “‘Politicians—Keep your hands off scientific services.” 
I can see no difference in principle between the expatriation of Germany’s 
most distinguished citizen, Albert Einstein, because he is a Jew, and re- 
quirements that appointees to positions in government statistical offices 
must be Democrats or Republicans. The close relationship between 
Government and statistics to which I called attention in my opening 
words makes this a hard, and some would say an impractical, saying. I 
do not believe its ultimate acceptance to be impossible, with the develop- 
ment—if we are so fortunate—of higher standards of public administra- 
tion. 

Organization of the American Statistical Association Having proposed 
improvements in almost every other direction, I come at last to our own 
society. It is fortunate indeed that the plan of organization resulting 
from the indefatigable efforts of your distinguished nominee for Associa- 
tion president in 1934 should have been accepted and put in operation 
before the demands of the New Deal came upon us. Thanks to Mr. 
Mills and to our loyal and competent secretary, we are efficiently or- 
ganized. To my mind there remains an outstanding element of weak- 
ness. This concerns the relations of the chapters and the Association. 
The former in some cases are semi-independent; in others they are in- 
effective nurslings of the parent body. A strong national organization 
should rest upon strong and numerous local chapters, to which it is 
integrally related. To bring this about, in my judgment, requires an 
acceptance by the chapters of public responsibilities for the preservation 
and development of statistics in their States and communities, analogous 
to those of the Association in the national sphere; and analogous, further, 
to the responsibilities assumed by bar associations, medical associations 
and engineering societies in their respective fields of interest. In a na- 
tional statistical program the importance of developing the American 
Statistical Association and its constituent parts can scarcely be over- 
looked. 

There has been much speculation about the future of our organization. 
Its close identification of interests with the field of economics, and the 
wide adoption of statistical methods in this and other fields, has led in 
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some quarters to a belief that the American Statistical Association is 
destined to an early, quiet and inconspicuous demise. I am not among 
these. I believe, on the contrary, that the secret of life and growth is 
activity. Does hard work remain for which we have specialized com- 
petence? Or has our task been completed? I trust that I have indi- 
cated the answers. Statisticians will have work to do through an or- 
ganized association of their own so long as determination to grapple with 
the problems of collective living survives. 
May the Committee of the Whole now proceed with its tasks! 
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A RANDOM-DIFFERENCE SERIES FOR USE IN THE 
ANALYSIS OF TIME SERIES 


By Hoisroox WorkING, Food Research Institute, Stanford University 


It has several times been noted that time series commonly possess in 
many respects the characteristics of series of cumulated random num- 
bers. The separate items in such time series are by no means random 
in character, but the changes between successive items tend to be 
largely random. This characteristic has been noted conspicuously in 
sensitive commodity prices. On the basis of the differences between 
chain and fixed-base index numbers King has concluded that stock 
prices resemble cumulations of purely random changes even more 
strongly than do commodity prices.! 

The fact that series commonly used as indexes of business activity 
closely resemble series obtainable by cumulating random numbers has 
given support to the theory that so-called business cycles result in large 
degree from cumulative effects of independent random influences 
bearing on the business situation—some favorably, some unfavorably.” 

In the discussion which follows, a series such as may be obtained by 
cumulating random numbers will for brevity and clarity be called usu- 
ally a random-difference series, since it is the first differences of the series 
and not the items of the series itself which are random. The natural 
alternative term of cumulated random series is subject to misinterpreta- 
tion as describing a series that is itself random. 

Economic theory has fallen far short of recognizing the full implica- 
tions of the resemblance of many economic time series to random-differ- 
ence series; and methods of statistical analysis in general use have 
given these implications virtually no recognition. Economic theories 
and the techniques that have been employed in analysis of time series 
generally deal in terms of norms and of deviations therefrom. The 
norms may be regarded as constants (as is common in economic theory) 
or they may be regarded as changing progressively (represented in 
statistical practice by trend lines). The deviations from norms or from 
trends are commonly regarded as having one of three characteristics: 
(a) that of random deviation, each item independent of all others; (b) 
that of cycles, either regular in periodicity and amplitude or irregular, 
but in any case with a definite tendency for deviation in one direction 


1W. I. King, Index Numbers Elucidated, 1930, pp. 99, 102. 
2 Apparently E. E. Slutsky’s The Summation of Random Causes as the Source of Cyclic Processes, 1927, 


deserves chief mention in this connection. 
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to be followed after an interval by deviation in the other (not by acci- 
dent but in consequence of a specific reaction tendency); or (c) some 
combination of random deviations with a cyclical tendency, or with 
several cyclical tendencies of differing period and amplitude. 

These concepts are inappropriate and misleading when applied to 
cases in which the dominant tendency is for the effects of successive 
events to be independent and cumulative. An outstanding character- 
istic of a series of this type is that its changes are largely random and 
unpredictable. In a simple and regular cyclical series changes are ac- 
curately predictable. Even in a purely random series (one of random 
deviations from a norm) in which individual values are unpredictable, 
changes are predictable with considerable accuracy—the coefficient of 
correlation between absolute values in a random series and immediate 
subsequent changes isr= —.71.'_ In aseries characterized by primarily 
random changes, however, absolute values of immediately subsequent 
items are predictable with an accuracy that for many purposes may be 
regarded as very satisfactory, but subsequent changes are largely 
unpredictable.” 

Brief study of the charts which follow will show that in a series com- 
posed of purely random changes (a strict random-difference series) 
conspicuous trends will be found. Such “‘trends,’”’ however, must be 
regarded merely as generalized descriptions of the course of the series 
over a certain period, not as norms, nor as bases for predicting the 
future course of the series over even the briefest subsequent period. 
In such a series also, frequent movements of indubitable cyclical con- 
formation occur, but they cannot be regarded as evidence of true cycles 
—even irregular cycles—unless that term be divorced from its usual 
connotation of movement that tends to generate, or at least to reflect 
influences that tend to generate, reverse movement. 

Few if any time series will be encountered that reflect in pure form 
the condition of strictly random changes, as few if any time series are 


1 If z; represent any value in a random series, in terms of deviations from the mean, and (zi+1—z:) 
the immediate subsequent change, the coefficient of correlation between the two is given by 
2xi(zrit+1—2i) 
VE24;.2(zi+1—Zi)*? 
Substituting in the expansion of this expression the most probable values: Dzizi41=0 (since 2 and 
zi+i tend to be uncorrelated) and 22z*i41 = 2z*; (since each tends to equal n times the squared standard 
deviation of the population from which the sample is drawn), we obtain as the expected value of the 


correlation coefficient: 


T= 


— Ss. | 

VIL%.2E2%; v2 

2 Knowing the closing price of a stock or of a speculative commodity such as wheat, any one can fore- 
cast the closing price on the next day within a range of error that for many purposes may be regarded as 
inconsequential; but few students of these markets believe it possible to forecast the next day’s price 
change with any considerable degree of accuracy. 


r= 
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encountered in practice that offer pure examples of random deviations, 
or pure examples of cyclical movement such as appears in a simple or 
complex harmonic series. Generally in time series a combination of 
characteristics is reflected, and circumstances must determine whether 
the series shall be treated as though it possessed only its dominant 
characteristic, or treated in such a way as to take account of all its 
significant characteristics. But the characteristic of random changes 
is present in such important degree in sensitive price series, and prob- 
ably in many other economic series, as to deserve serious consideration. 

For the purpose of testing whether or to what extent any particular 
time series possesses the characteristics of a random-difference series, 
it is desirable to have available for comparison an extended series known 
to possess those characteristics and those alone. In the statistical 
analysis of time series showing such characteristics in important degree, 
it is essential] for certain purposes to have such a standard series to pro- 
vide a basis for statistical tests. The remainder of this paper is de- 
voted to presenting such a standard series, graphically and in tabular 
form, and to suggesting uses to which it may profitably be put in statis- 
tical analysis, 


A STANDARD RANDOM-DIFFERENCE SERIES 


In a random-difference series designed for serious use as a type stand- 
ard in statistical analysis, it is essential above all that the first differ- 
ences of the series be as nearly as possibly strictly random. The stand- 
ard deviation of the population of which the random first differences 
constitute a sample should be accurately known. Because of the supe- 
rior generality of the “normal” frequency distribution, it is preferable 
that the population providing the random first differences should be 
one of “normal”’ frequency distribution. 

When the “random” numbers are obtained by assigning numbers to 
the letters of the alphabet and “‘drawing”’ by taking them in the order 
in which they appear in sentences, as has been done by some writers for 
illustration, the effect is to draw from a universe of very peculiar fre- 
quency distribution and to draw in a manner which introduces certain 
other peculiarities. For example, the letters o and s will appear with 
much greater frequency than the intervening letter g. Also there will 
tend to be peculiar correlations in the order of drawing, such as those 
consequent on the substantial tendency for vowels and consonants to 
alternate; and frequent recurrence of certain number series, such as 
those corresponding to “ing” and “‘tion.” It is important to avoid all 
such characteristics in the random series which on successive cumula- 
tion will provide the desired random-difference series. 
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The accompanying series is derived basically from the tables of Tip- 
pett’s Random Sampling Numbers.! These tables were prepared in the 
Biometric Laboratory at the suggestion of its Director, Karl Pearson, 
with the object of providing an improved basis for random sampling 
experiments and to replace the conventional methods which ideally 
should give truly random samples, but which in practice did not. In 
the Foreword Pearson states: ‘‘In short, tickets and cards, balls and 
beads fail in large scale random sampling tests; it is as difficult to get 
artificially true random samples as it is to sample effectively a cargo of 
coal or of barley.” 

Tippett’s numbers as they stand constitute a large sample (or by 
variation in the manner in which the numbers are read, a number of 
samples) from a population having a rectangular distribution. By 
appropriate transformations of the numbers in the sample, they may be 
made to form a random sample from a distribution of any desired form. 
For the present use they have been converted to form a sample from a 
normal distribution with 8.D.=10,? following the method described by 
Pearson on page iv of Random Sampling Numbers. The following 
reproduction of portions of the table prepared for use in making the 
transformation illustrates the method and indicates the treatment of 
problems of detail encountered. 


Corresponding Frequency 
Number in number in normal per 10,000 in 
Tippett’s tables distribution population 
0000 (discarded) aia 
0001 —39 l 
0002 —35 l 
0003 —34 l 
0004-0005 —33 2 
44044800 —l1 397 
4801-5199 0 399 
5200-5596 + 1 397 
9995-9996 +33 2 
9997 +34 1 
9998 +35 1 
9999 +39 1 


1 Tracts for Computers, No. XV, Cambridge University Press, London, 1927. 

? The standard deviation has been taken as 10 rather than as unity to avoid the inconvenience of 
decimals. To convert the cumulated series to one based on c}...nges drawn from a population of unit 
standard deviation it is of course necessary only to insert a decimal point before the final digit of each 


figure. 
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TABLE I 
EXPERIMENTAL TIME SERIES:—CUMULATIVE 


TOTALS OF 2399 RANDOM NUMBERS 




























































































- Sj+ 14/+ 44/+ 55)/-158)-111)- 77/-121) - 84 -114/ -112| -105/ -232/ -260/ -374/ -456 
- 7|+ 28/)+ 33)/+ 68)-153) -102/- 84/-121/- 85) -128/-118/ -113/ -227) -250| -376/ -428 
- 13)+ 24)+ 27/+ 58) -155| -103/ -103/ -123/ - 77| -139) -112/ -126/ -233) -253/ -355/ -436 
= 29)+ 21/+ 30) + 67] -143) -107/ -105/-107| - 78) -144} -112/ -119/ -229) -275| -360/ -421 
= 35/+ 18/4 43] + 52] -140/ -112/ -108/-110] - 73) -159/ -117/ -105/ -215/ -277/ -383] -426 
= 33) + 24)/+ 33) + 59) =-140/ -117| -121/-108/ - 73) -152| -106} -100| -229/ -257/ -369] -424 
- 19)+ 37/+ 34) + 71] -128) -103/-122/- 94) - 81) -142/ - 95) -103/ -241/ -251] -391) -414 
= 27/+ 31)+ 41) + 75) -1357| - 90}/-114/- 90/- 71) -159/- 94) -100| -230/ -267] -389) -412 
- 10/+ 31/+ 38/+ 79/-140/- 88/-113/- 62/ = 57/ -153) -121/ -101/ -247/ -270/ -394) -393 
- _1l}+ 27|+ 38)+ 70/-132|- 88/- 94/- 75) - 35] -159/ -107/ -107| -235/ -281/ -398) -410 
+ + 33/+ 41/+ 89/-147/ = 99/- 96/- 79] = 58] -156/ -108] -105/ -217/ -288/] -397/ -408 
- 12)/+ 26/+ 45) + 83) -137/ -104/-105/- 97) = 55/ -146/ -111/ -107]/ -219/ -299/ -386) -410 
= 7|*+ 36)+ 42) + 77) =-135/ -107/-116)/- 92) - 32) -137/ -117/ -116/ -210/ -304/ -384) -412 
- 15}+ 16)+ 48/+ 61] -153/ -115/-108/- 98) - 24) -129/- 99/ -113/ -196/ -292/ -403) -415 
- 14/+ 7)+ 49/+ 36] -139/ -115/- 85/~-106/ - 26/-112/- 96) -108/ -195/ -305| -406) -416 
- 15 O]+ 46/+ 50] -138]-119/- 96)/-124/ = 37/ -106/ -107/ -105/ -209] -316/ -413] -420 
- 23)= 1)/+* 61) + 47] -149) -130/ -103/-125/ - 30} -111/ -114/ -110| -213) -328) -416) -425 
- 18/= 9/+ 66/+ 64) -147/ -128/ -118/ -124/ - 28) -106/ -121/ -113/ -211/ -322/ -402) -416 
- Q9=- 2/+ 82)+ 72) -147| -144/ -122)-128) - 44/ -103) -109/ - 90) -196/ -334/ -394) -405 
= 1)+ 15/4102) + 71) -143] -134/ -140/-129/ - 58/ - 84/~-118/ - 79/| -182/ -349/ -394) -392 
+ 14/+ 14/+ 88/+ 71] -154) -129/ -142/-129) = 62) - 72/-121/- 88) -173) -337) -399) -393 
+ 10/+ 19/4103) + 61) -155/ -132/ -154/-117| = 65) - 59/-139) - 86) -183/ -327)| -394) -405 
+ 23)+ 14/)+ 88) + 55) -152) -123/ -156/-100/ - 54) - 52) -136/ - 84] -180/ -336/ -392) -407 
+ 37/+ 34/+ 94/+ 53) -163) -102/ -164)-103) - 59/- 46) -142| - 66/-179/ -324) -411) -408 
+ 45/+ 24/+101/+ 55/-186/ -113/-151/-105/ - 52/ - 52/ -136/ - 71/-191/ -323/ -413) -403 
+ 64/+ 21/+ 72) + 56) -182/ -112/-165/- 99/- 44) - 41/-137/- 66/ -208/ -323/ -419) -421 
+ 80/+ 11/+ 87) + 44) -189/ -117/-141/- 77) - 39) - 50/-114/- 84/-202/ -316/ -410} -406 
+ 68)/+ 7/+ 82) + 53/-188/ -109/-133/- 85) = 59) - 62/-102/ = 76] -211/ -337| -415) -397 
+ 53)- S/+ 72) + 56/-185) -104/-125/- 85) - 72) - 77/-115|- 78] -218/ -321/ -398) -409 
+ 56/- 16/+ 64/+ 59/-186/- 90/-137/- 93) - 87/ - 68/-114/ - 90| -235/ -331) -410} -415 
+ 45|- 16/+ °54]/+ 62/-195/- 89/-157/- 89] - 98] = 56] -115/-110] -262/ -303] -398] -433 
+ 50/=- 20/+ 56) + 72) -185/ -111/-159/- 75) -106/ = 56/ -111) -118/ -250/ -315) -401) -437 
+ 45|/= 30/+ 69/+ 84) -189/ -118/-153/- 69) -108/- 69/ -114/ -119/ -256/ -306/ -404/ -445 
+ 53)/- 14)+ 72) + 89) -195/ -136/-156/- 88) -100/- 67/- 97) -119/ -238/ -301/ -416/ -437 
+ 65/- 23/+ 58/+ 95/-199)| -128/-163/~- 90) - 87/- 80/-107| -114/ -255/ -300/ -403) -434 
+ 5S8/=- 8/+ 62) + 95/-185| -135/ -168/-110/- 99/- 69/-109/ -128] -246) -3235/ -400/ -434 
+ 38)=- 20)/+ 78) + 91) -197) -131/-175/=- 96) -109/ = 84/ -130/ -128/ -241/ -304/ -402/ -436 
+ 33)- 18/+ 71|)+ 81) -204| -126/-167/- 97) -119/- 78) -139/ -126| -225) -292/ -414/ -432 
+ 40)- 18/+ 86)+ 85) -213) -127/ -175/-101/ -129/ - 80/-115) -123| -228) -300/ -426) -428 
+ 40|/- 24/ +104) + 83) -191/ -125/ -180 | -114/ -130/ - 94/- 97/-109/ -223/ -300/ -433) -425 
+ 28)= 28/+108)+ 73] -1935) -127/ -184/ -129/ -133/ -104/ - 95] -101/ -215/ -298] -444/ -417 
+ 25)=- 26/4101) + 79) -204| -128/ -183/-128) -136/ -117/- 97/- 90) -206/ -313/ -448) -394 
+ 13) = 20/4107) + 76/-196| -129/| -182/-129/ -130/ -129/- 91/- 93) -224/ -316/ -465) -403 
+ 4)= 22/)+ 99)+ 74) -196| -125/ -179/-115) -135/ -128/ - 99) = 93/ -231/ -317/ -468] -411 
+ 7) - 20/+107/+ 61) -190/ -121/ -170/ -106/ -110/ -126/ - 89/ - 97/ -233) -315/ -468) -424 
+ 6]= 25/+107/+ 49/-169) -131/-165/| -105| -128/ -119/ = 83/-101/ -236] -317| -491) -425 
- llj/- 22/+101/+ 36/-163) -142/-167|- 93) -130/ -129/ = 99) -107/ -239) -335) -472/ -441 
- ll|- 22/)+ 98/+ 28) -166)-142/-167/- 72) -126/ -123/ - 89/ -107/ -246/ -318} -457/ -452 
- ll|- 28/+ 79)/+ 33)/-171) -134/-159/- 80) -137/-116/- 85) -114/ -240/ -317/ -475) -461 
- 18)/- 34/+ 87/+ 24/ -169/ -142/-153/- 74/ -127/ -107| = 95/ -106| -236/ -325| -464/ -476 
- 14/- 28/+ 93/+ 6]-175/ -117/-166/- 77/ -138/-105/- 95) -105| -232/ -338/ -454/ -483 
+ S3i- 16/+ 89)/+ 8)/-168/ -135/-168/- 69) -139/-113/- 73) = 95/ -238/ -345/ -465/ -483 
* 10j/- 13/+ 92)- 3)/-156/-112/-155/- 64/ -153/-107/- 79) -102/ -227/ -338} -459) -488 
* llj- 15/+ 97/=- 4/-152) -122/-159|- 66) -158/ -104/ - 77/-101/ -205/ -361| -449/ -476 
+ 25/- 18/+ 92/- 8/-158/ -130/-145/- 63/-140/ -112/- 67/-113/ -188) -369/ -456/ -484 
+ 19}/= 21/+103/- 4/-164/ -146/-160|- 58] -129/-112/ - 72] -108/ -179/| -379) -469/ -487 
* 12/- 16)/+ 86/- 4/-158/ -162/-151)/- 54|/ -137/ -116/- 79/-109] -184/ -389/ -472/ -479 
+ 20/= 30/+ 80/+ 7) -154/ -156/-135/- 64/ -140) -120/ -106/ -133/ -183) -398)} -465/ -486 
+ 14/- 28/+ 76/- 21) -148/ -160/-138/- 59) -138/ -121/ -113| -143} -192/ -403) -460} -484 
+ 4/- 15/+ 80/- 28/-140/ -155/-137/- 42) -138/ -121/ -110/ -150/| -198/ -398) -458/ -483 

Ol= 4/+ 72)= 38/ -147| -142/-147/- 60] -154/ -108/ -123| -162| -192/ -398) -470] -473 
+ Sj+ 17|/+ 78) < 53) -143/ -128/-152/- 65/ -132/ -110/ -118/ -167| -193/ -377) -472) -464 
+ Sit 23)+ 72) = 53) -142| -108/-139|- 45) -135/ -111/ -110/ -183/ -215/ -395) -471/ -456 
- S/+ 31]/+ 63) - 62) -125/ -116/-128/- 43) -135/ -111/ -110/ -197/| -201/ -396/ -485/ -454 
- 4)/+ 23/+ 79/—- 65/ = 99/-111/-1355/- 47/ -131/ -129/ -123/ -191) -210/ ~386/ -498/] -460 
=~ 13]/+ 16/+ 86)/- 70/=- 92) -115/-141]- 45] -118] -118/ -109/ -206/ -205/ -371/ -478] -445 
- Q/+ 24/+ 74)— 61li- 92) - 95/-145|~- 44/ -112/ -121/ -120/| -202/ -228) -369) -479) -456 
- 11)/+ 14/+ 76/- 81}- 96) -.80/-123/- 65) -105/ -124/ -104/ -202/ -220/ -351/ -491) -462 
- 13|/+ 15|/+ 70)/- 89/- 85/- 78/-102/- 62/ -101/ -114/- 90) -203/-217/ -349) -491/ -458 
~_16/+ 33/+ 65/-101/- 86/- 73/- 94/- 67) - 92/-118) - 83] -203/ -226/ -361/ -477| -458 
- 10/+ 27/+ 61)/-111/- 86/- 69/-103/- 92F- 79/-119/- 83/-195| -228/ -369] -463] -464 
- 7|* 22/+ 65|/-124/- 88)- 75)/-107/- 82) - 74/-130/- 82) -200/ -238/ -376) -466/ -450 
~ 17/+ 11/+ 63/-140|/- 94/- 70/-115/- 86/- 78/-105/- 85) -214/ -239/ -379| -466/ -450 
- 2/* 18/+ 39/-142/-103/- 71/-115/- 80} - 98/-105/-107/ -241/ -245/ -366/ -446/ -445 
= _Si+ 24/+ 56/-147|-112/- 77/-128/- 83) -100/-104 =113| -235) -255/ -366! -446) - 
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TABLE I—Continued 
TIME SERIES:—CUMULATIVE TOTALS OF 2399 RANDOM 





-452 
-466 
-476 
-453 
~455 


-452 
-461 
~464 
-468 
7452 


-454 
-454 
-451 
-462 
-463 


-462 
-468 
-461 
-459 
-448 


-485 
-492 
-498 
-505 
-504 


-358 
-345 
-336 
-3549 
-552 


-495 
=-509 
-505 
-503 
-482 


-501 
-500 
-521 
-521 
-521 


-537 
-538 
“544 
-535 
-521 


-565 
-566 
-565 
-581 
-595 


-552 
-556 
-567 
-558 
-553 


-555 
-542 
-538 
-544 
-538 


-586 
-600 
-603 
-592 
-592 


-643 
-656 
-662 
-657 
-656 


-598 
-592 
-596 
-596 
-595 





-456 
-441 
-447 
-464 
-462 


~474 
-472 
-464 
-455 
-440 


-460 
-472 
-471 
~462 
-442 


-459 
-472 
-465 
-453 
#451 


-506 
-502 
-491 
-487 
-488 


“502 
-354 
-356 
-380 
-583 


-488 
-482 
-475 
-457 
-476 


“926 
-S22 
-521 
-522 
-501 


“517 
-505 
-495 
-466 
~476 


-979 
-583 
-5°9 
-608 
-608 


=560 
-572 
-561 
-560 
-572 


“950 
-5335 
-524 
-519 
-512 


-597 
-585 
-590 
-5°7 
-575 


-654 
-656 
-629 
-622 
-622 


-586 
-580 
-565 
-574 
-601 





-479 
-469 
-461 
-463 
-474 


-458 
-443 
-465 
-457 
-449 


-452 
-428 
-409 
-427 
-418 


436 
-436 
-429 
-414 


472 
-470 
-475 
-460 
-467 


~594 
-399 
-411 
-406 
-4351 


-471 
-465 
-460 
-457 
-455 


-505 
-504 
-502 
-502 
-497 


495 
-499 
-489 
-481 


-489 


-617 
-604 
-611 
-625 
-646 


“982 
-584 
-581 
-578 
-575 





-517 
-523 
-512| 
-522 
-545 





-507 
-571 
-588 
-587 
-594 


-652 
-6355 
-629 
-632 
-657 


-586 
-588 
-577 
-572 
-585 





-495 
-504 
-506 
-496 
-485 


-471 
-465 
-463 
~-459 
-471 


-4135 
-408 
-426 
-437 
-436 


-416 
-425 
-413 
-400 
-397 


-467 
-464 
-451 
-456 
-457 


=426 
-454 
-4358 
-436 
-439 


-497 
-454 
-448 
~446 
-468 


“915 
-504 
-5135 
-540 
-5354 


475 
~474 
-461 
-463 
-469 


-659 
-637 
-620 
-620 
~614 


=559] 
-554 
-550| 
-526 
-524 


562! 


-558 
-574 
-583| 
-591 





-600 
-605 
-591 
-594 
-588 


-656 
-655 
-621 
-620 
-625 


“975 
-584 
-580 
583 
-583 





-485 
-490 
-496 
-501 
-514 


-472 
-472 
-497 
~484 
-463 


455 
-443 
-426 
-424 
-440 


-387 
-379 
-378 
-362 
-365 


473 
-471 
-477 
-473 
-469 


432 
-437 
-425 
-435 
426 


-480 
~484 
-498 
-489 
-498 


“545 
-536 
-528 
-527 
-548 


~482) 
-478 
-489 
-475 
-490 


-608 
-595 
-608 
-627 
-625 


=508} 
-527 
-557 
-521 
-527 


=590 
=-588 
-577 
-566 
-568 


-584 
-5735 
-573 
-579 
-580 


-616 
-625 
-638 
-640 
-652 


-572 
-570 
-560 
-543 
-535 





491 
-487 
-495 
-489 
497 


-475 
-460 
-466 
-459 
~467 


-456 
-451 
-457 
~454 
-462 


-589 
-392 
-408 
-409 
-420 


-471 
-470 
-456 
-456 
-440 


-425 
-439 
-442 
-439 
~447 


-496 
-492 
-486 
-492 
-487 


-544 
-549 
-554 
-552 
-549 


-485 
-487 
-478 
-489 
-473 


-608 
-610 
-611 
-609 
-603 


-515 
-517 
-518 
-521 
-525 


“559 
-542 
-556 
-5435 
-542 


-582 
-587 
-596 
-603 
-597 


-651 
-650 
-658 
-647 
-651 


-516 
-504 
-506 
-500 
-499 





-491 
~496 
-502 
-497 
-481 


-461 
-454 
-469 
-453 
-451 


-459 
-465 
~462 
-470 
-463 


-421 
-417 
-418 
-41¢ 
-415 


-435 
424 
-419 
-427 
~436 


-453 
~474 
-467 
-474 
494 


469 
-459 
-457 
454 
-449 


-536 
-549 
-554 
-551 
-551 


-476 
-467 
-471 
-471 
-483 


-607 
-595 
-610 
-600 
-597 


-541 
-537 
-528 
-5353 
-537 


-553 
-538 
-532 
“532 
-537 


-592 
-578 
-587 
-586 
-587 


-661 
-652 
-651 
-6735 
-675 


493 
-505 
-487 
-473 
-484 





-481 
-477 
-485 
-485 
-482 


-439 
446 
439 
-439 
-418 


-464 
-468 
-454 
-453 
-460 


-409 
~414 
-405 
-396 
-390 


-431 
-410 
-408 
-399 
-3597 


-507 
-514 
-493 
-492 
-490 


-466 
~479 
-480 
-465 
-469 


-9358 
-538 
-549 
-559 
-561 


-479 
-485 
-495 
-508 
-521 


-602 
-595 
-601 
-609 
-605 


9545 
-547 
-535 
-548 
-548 


“524 
-541 
-542 
-546 
-542 


-603 
-608 
-628 
-621 
-639 


-674 
-655 
-660 
-670 
-677 


-481 
~482 
-479 
-481 
-479 





~474 
-464 
-465 
469 
-460 


-411 
-413 
-423 
-430 
~427 


-450 
-451 
-461 
-481 
~467 


-594 
-395 
-396 
-382 
-371 


“411 
-411 
-411 
-399 
-404 


~474 
-458 
-471 
-460 
-441 


456 
4535 
-453 
-439 
-433 


-556 
-548 
-544 
-543 
-539 


-523 
-517 
-522 
-510 
-502 


-592 
-570 
-570 
-564 
-572 


-545 
-526 
-535 
-539 
-530 


“552 
-565 
-564 
-566 
-571 


-6350 
-616 
-633 
-632 
-640 


-695 
-673 
-690 
-674 
-665 


-472 
475 
-473 
472 
~462 





-452 
-447 
-450 
-440 
443 


452 
-443 
-423 
-430 
-427 


-458 
-469 
-468 
~474 
-497 


-3584 
-378 
-394 
-399 
-409 


-417 
-425 
-432 
-437 
-412 


451 
-449 
~446 
~446 
~452 


454 
-439 
-445 
~446 
-443 


-546 
-550 
-547 
-546 
-563 


-501 
-517 
-509 
-502 
-520 


-564 
-557 
-544 
-549 
-545 


-527 
-526 
-5435 
-544 
-555 


-584 
-579 
-579 
-580 
-558 


-635 
-630 
-654 
-660 
-649 


-646 
-638 
-627 
-620 
-640 


-449 
~436 
-438 
-432 
-425 





~494 
-459 
~476 
-480 
-478 


-412 
-421 
-417 
~426 
-434 


-502 
-509 
-497 
~474 
-490 


-3590 
-394 
-402 
-406 
-418 


-415 
-411 
-409 
-408 
-414 


-442 
-450 
-456 
-458 
-472 


-433 
-439 
-442 
~448 
444 


-566 
-555 
-546 
-554 
-561 


-52l 
-523 
-515 
-512 
-508 


-546 
-528 
-531 
-524 
-519 


-561 
-555 
-565 
-571 
-572 


-571 
-578 
-592 
-591 
-591 


-656 
-666 
-669 
-658 
-640 


-636 
-634 
-641 
-636 
-625 


-428 
-430 
-431 
~436 
-440 





-476 
~469 
~474 
-458 
462 


-426 
-420 
-416 
-413 
414 


-501 
~496 
~496 
-487 
~483 


-407 
-427 
-438 
-449 
446 


-418 
-415 
-400 
-386 
-385 


-470 
-475 
-480 
-481 
-471 


-465 
-465 
-467 
-477 
~474 


“971 
-550 
-557 
-585 
-580 


-512 
-512 
-518 
-532 
-535 


-499 
-506 
-516 
-520 
-531 


-554 
-555 
-547 
-547 
-542 


-582 
-587 
-576 
-565 
-567 


-655 
-641 
-639 
-626 
~629 


-631 
~647 
-629 
-632 
-629 


~444 
-451 
~445 
454 
~447 





-451 
-452 
454 
-477 
-482 


-419 
-410 
-398 
-403 
-405 


-462 
-453 
-457 
-459 
-457 


-454 
-457 
-464 
-462 
-463 


-372 
-364 
-370 
-355 
-363 


-464 
-472 
-468 
-473 
-495 


-481 
-497 
-491 
-477 
-487 


-585 
-601 
-586 
-559 
-561 


“552 
-548 
-554 
-526 
-523 


-531 
-542 
-542 
-558 
-542 


-561 
-562 
-559 
-557 
-551 


-569 
-573 
-577 
-575 
-580 


-639 
-643 
-648 
-645 
-640 


-628 
~636 
-632 
-640 
-645 


-458 
-452 
-462 
-462 
-456 





-470 
-469 
-448 
-451 
-438 


-430 
-438 
-433 
-428 
-433 


-495 
-450 
448 
~430 
-440 


~454 
-463 
-462 
-465 
-475 


-564 
-367 
-367 
-367 
-363 


-486 
-488 
-491 
-500 
-512 


-470 
-479 
-478 
-477 
-472 


-562 
-556 
-552 
-544 
-531 


“S15 
-525 
-506 
-522 
-527 


-5435 
-554 
-544 
-551 
-550 


“552 
-560 
-550 
-543 
-545 


-580 
-587 
-578 
-571 
-572 


-659 
-655 
-669 
-670 
-656 


-658 
-626 
-610 
-599 
-591 


-463 
-461 
-462 
-467 
~4535 





-435 
~446 
~-459 
-455 
-449 





-432 
-443 
-439 
452 
~450 





~435 
-453 
~460 
-465 
~466 





-495 
-491 
-493 
-506 
-496 





-360 
-341 
-343 
-336 
-329 





=-500 
-498 
493 
~492 
~-497 





-471 
-477 
-478 
-481 
-497 





-542 
-545 
-531 
-532 
-536 





-559 
-533 
-535 
-540 
-552 





-541 
-547 
-548 
-551 
-552 





-542 
-541 
-5435 
-542 
-531 





“577 
-592 
-609 
-606 
-609 





-642 
-654 
-637 
~646 
~642 





-599 
-595 
-593 
-605 
-607 





445 
449 
438 
-445 
432 
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For the present use the 2400 4-digit numbers on the first six pages of 
Tippett’s tables were read in order down successive columns. Because 
0000 occurs once on these pages, but is discarded, only 2399 numbers 
were obtained for cumulation. When and if an extension of the present 
series is required, or a separate independent series, it may be obtained 
by continuing with the remainder of Tippett’s tables. 

‘* Cumulation of the numbers thus derived from the tables resulted in 
the series given in Table I and shown graphically in the three sections 


CHART II 


“ANNUAL” AVERAGES AND MID-POINTS OF RANDOM-DIFFERENCE 
EXPERIMENTAL TIME SERIES 
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of Chart I. The numbers in the table are to be read in order down suc- 
cessive columns. The arrangement of the data in the chart as a weekly 
series for 46 years, and a little over, is of course wholly arbitrary, but 
convenient for one illustrative use to be made of the series. 

To give a clearer impression of the course of the entire series than can 
be obtained from the separate detailed segments, 52-item “annual”’ 
averages have been plotted in Chart II. With them are shown the 
values of the 26th item in each successive 52-item group.' 

The pronounced downward trend of the whole 2399-item series at 
once excites suspicion that the mean of the population from which the 
original numbers were drawn was negative rather than zero. Statis- 
tical test, however, fails to support the suspicion: the mean of the orig- 
inal 2399-item sample is —.2176, with a standard error of +.2042. 


1It should be noted that these equally-spaced items may themselves be regarded as a random-difference 
series with differences drawn from a normal population of sero mean, but in this case of standard devia- 


tion 10/52. 
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USES OF THE SERIES 


An important application of the random-difference series here pre- 
sented will be found in visual comparisons with actual time series, and 
probably in comparisons of appropriate statistical constants derived 
from the experimental random-difference series and from the actual 
series, as an aid in ascertaining whether and to what extent the actual 
series shows the characteristics of a cumulation of random changes. 
The desirability of examining actual time series for the presence of such 
characteristics has been sufficiently stressed above. It will be apparent 
from brief study of the curves in Chart I that an essentially random- 
difference series of only 200-300 items, which would be regarded as a 
very long annual series or a fairly long monthly series in economic 
statistics, might very easily be taken mistakenly to be a series domi- 
nated by a true irregular cycle with superimposed random fluctuations. 

In the actual statistical analysis of time series found to have impor- 
tant or dominant random-difference characteristics, a number of ap- 
plications of the accompanying ‘‘experimental time series’’ readily 
suggest themselves. Some students of stock and commodity prices 
attribute great forecasting significance to certain “formations” that 
appear more or less conspicuously in the charted price data—such as 
‘resistance and support levels,” “lines,” and “‘ head and shoulder forma- 
tions.”” Other students of these prices scoff at such ideas. Valuable 
evidence on the probable significance of such “formations” could be 
obtained by ascertaining with what relative frequency they are found 
in a random-difference series. If they occur as frequently and as clearly 
in the random-difference series as in the actual series, it is to be supposed 
that they are without forecasting significance, for it is known that 
changes in a random-difference series are quite unpredictable. 

Another application appeared from the reaction of a close student of 
stock-price behavior who was shown Chart I without identifying 
legends, and asked for a judgment whether it was a stock-price or a 
commodity-price series. After brief study he stated confidently that 
it was ‘‘not a stock price series.’’ The basis for this judgment he felt 
lay in the fact that the random-difference series was ‘“‘too jagged.” 
This difference in characteristics at once suggested to him a feature of 
stock prices worthy of study for its possible forecasting value. 

In general, applications of the experimental random-difference series 
in statistical practice are most likely, I suspect, to take the form of tests 
of statistical significance of observations that suggest uniformities in 
behavior-patterns of actual time series. A summary of the steps taken 
in one such actual test may be helpful. 
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Elsewhere I have shown the existence of a characteristic of wheat- 
price changes which I regarded as distinctly peculiar and significant.' 
When maximum price increases over intervals of five weeks or less were 
selected, one for each year, their frequency distribution was found to 
consist of two distinct, apparently slightly skewed, frequency groups, 
one with a mode in the neighborhood of 7 cents, the other with a mode 
in the neighborhood of 22 cents, as shown by the frequency polygon 
represented by the solid line in Chart III. The price changes were 
measured in terms of cents per bushel at the 1913 price level to remove 


CHART III 


FREQUENCY DISTRIBUTIONS OF MAXIMUM 5-WEEK CHANGES IN DEFLATED 
WHEAT PRICES AND OF MAXIMUM 5-INTERVAL CHANGES 
IN RANDOM-DIFFERENCE SERIES 


(The scale in o’s applies to both series.) 
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differences in magnitude attributable merely to difference in the 
general wholesale price level in different years. In the original presen- 
tation of these findings the obvious interpretation was accepted, with- 
out critical testing, that the price increases falling in the upper group 
reflected the existence of surrounding circumstances differing notably, 
and rather sharply, from those attending smaller price increases. The 
study then proceeded to an investigation of price behavior in these ap- 
parently quite special cases. 

The question deserves to be raised, however, whether the appearance 
of two distinct groups in the frequency distribution really reflects a 
notable characteristic of wheat prices (quite possibly to be found in 
some other price series also)? or whether it is perhaps merely a conse- 


1In “Cycles in Wheat Prices,” Wheat Studies of the Food Research Institute, November, 1931, VIII, 


19-20. 
*I find corn prices showing slight evidence of such a characteristic; oats prices, none. 
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quence of the use of a very special method of selection of the items en- 
tering into the distribution. Frequency distributions of wheat price 
changes selected in other more obvious ways show no such bimodality. 

The method of selection used to reveal this apparent peculiarity of 
wheat-price increases was such that it is difficult to show deductively 
what sort of distribution should be expected on given assumptions.' It 
seems necessary in the circumstances to resort to testing the effects of 
the method of selection on a series having at least the main behavior 
characteristics of wheat prices. Then if the same method of selection 
gives significantly different results on wheat prices than on the artificial 
series, the difference may be accepted as evidence of a real “ peculiarity”’ 
of wheat prices—that is, an evidence of a characteristic not possessed 
by the artificial series. The random-difference series is clearly more 
appropriate for such a test than a random series or a harmonic series.” 

When the random-difference series here presented is given the same 
treatment as the wheat-price series, the distribution shown by the fre- 
quency polygon represented by the dotted curve in Chart III is ob- 
tained. Establishment of a comparable basis for the horizontal scales 
of the two frequency polygons is unnecessary to demonstrate the point 
under investigation: namely, that the method of selection employed 
does not yield a bimodal distribution when applied to the test series.’ 

In Chart III the two frequency distributions have been placed on a 
comparable basis by taking as a unit for measurement of magnitude the 
respective standard deviations of the elementary (one-week) changes 
in the two series. These are 10 for the experimental random-difference 
series, as already stated, and 3.4 cents for the wheat price series. The 
class interval is in each case .5. Comparison of the two distributions 
indicates, in the light of other knowledge of wheat prices, a situation 
which I had previously suspected but apparently had considered too 
lightly: that the instances which supply the group of small wheat-price 
changes reflect the influence of notably peculiar conditions. In fact 


1 The fact that the maximum increase recorded is sometimes over an interval of less than five weeks 
introduces a complication which might perhaps be disregarded, in which case the problem might be 
viewed as one of determining the distribution of maximum individuals in samples of 52 (52 possible 5- 
week changes ending in any one 12-month period). This distribution could readily be obtained from the 
work of Tippett (“On the Extreme Individuals and the Range of Samples Taken from a Normal Popula- 
tion,” Biometrika 1925, X VII, 364-87) if the items in the samples could be regarded as independent, but 
of course they are not. 

2 Indeed, construction of the random-difference series was originally suggested by consideration of the 
requirements of this particular problem. 

3 If the difference between the two frequency distributions were of questionable significance, the X? 
test would have been employed to determine the statistical significance of the difference. 

4 The figure of 3.4 cents is an adequate though somewhat rough approximation computed from a 
sample obtained by differencing regularly distributed sections of the wheat price series. 

5 These instances arise chiefly from years in which wheat prices were in the downward phase of what 
have called the “‘long cycles" in wheat prices. 
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they appear to reflect conditions departing more from those of the ex- 
perimental series than do the instances which supply the group of large 
wheat-price changes. 

Finally it should be noted that the series here presented cannot fulfill 
all the requirements that may arise for an experimental random- 
difference series. This series represents only one possible type of the 
class, though one chosen because of its probably superior generality. 
Other types, with some notably different features, may be obtained by 
derivation from random numbers drawn from populations of non- 
normal frequency distributions. Still other types may be obtained by 
varying in some systematic fashion the standard deviation of the 
population from which the drawings are made.' I find that to the im- 
portant extent that wheat prices resemble a random-difference series, 
they resemble most closely one that might be derived by cumulating 
random numbers drawn from a slightly skewed population of standard 
deviation varying rather systematically through time. 


1 It may be questioned whether a series so drawn should be regarded as strictly random. Systematic 
variation of the standard deviation of the population, its mean being kept at zero, would introduce no 
correlations among algebraic values of the numbers drawn, but would introduce correlations among 


their values, signs neglected. 
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DERIVATION OF RATES FROM SUMMATION DATA 
BY THE CATALYTIC CURVE! 


By Huco Muvencu, International Health Division, The Rockefeller Foundation 


One of the problems confronting the epidemiologist is the evalua- 
tion of the effective contact rate of a given disease among a given 
population group. What proportion of individuals are exposed to 
infection during, say, a year? What fraction will not develop the 
disease because they have had previous attacks, or because, perhaps, 
they have a natural immunity? 

The answers to these questions are generally obtained from the study 
of morbidity rates. Now an official morbidity table is a notoriously 
tricky thing: it is a compilation, usually, of the reports of some of the 
practicing physicians of a community, on those cases which they have 
seen and have been able to diagnose. Results based on such data can 
never be more than approximations. 

For this reason, more critical studies are founded on surveys which 
keep under observation a sample of the population over a considerable 
length of time. The accumulation of sufficient material in this way 
is apt to be tedious and expensive. 

There is still another approach to the problem in the case of dis- 
eases which leave traces of their attacks in the shape of permanent 
immunity. The fact that an effective exposure has taken place can 
be ascertained, sometimes by a history, at times by means of some 
test. In this case, the figures represent a summation. They give the 
sum of all children ten years old who have had the disease at any time 
in the past; the sum of all effective exposures, at any age, during the 
years up to that age. 

Knowing the sum of infections at different ages, it is possible to go 
back and find the exposure rate which would produce such a sum. 
Mathematically, the gradually increasing proportion of positive results 
with increasing ages is an integral, the derivative of which represents 
the rate of increase. The thing to do, then, is to find out what curve 
describes the growth of the summation data and to find its derivative, 
which will be the rate at which the curve is rising at different ages. 
This was done in a notable manner by Collins,? who fitted various 


‘Revision of a paper delivered at the Annual Meeting of the American Statistical Association in 
Philadelphia, December, 1933. 

Selwyn D. Collins, “‘Age Incidence of the Common Communicable Diseases of Children,”’ U. S. 
Public Health Reports, Vol. 44, No. 14, April 5, 1929. 
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curves of the catalytic and autocatalytic types to figures on childhood 
diseases, representing histories of previous attack. 

Now it seems logical to suppose that the rate of exposure to a disease 
will not be, in general, the same throughout life. Certainly the infant 
in its home has not as many opportunities for contact as does his 
brother at school. In fact, Collins found that he had to use multi- 
constant curves to get very good fits for his figures—this meant that 
his rates of increase, or of effective exposure, were not just one figure 
for all ages but had to take on a curvature of some kind. 

But it is equally obvious that the most complicated rate function 
can still be only an average. Most of the diseases in Collins’ study are 
of the epidemic type. The difference between the rate at which ten- 
year-olds are exposed to, say, chicken-pox during an epidemic year 
and the rate during an “‘off”’ year is probably at least comparable with 
the difference between ten-year-olds and any other group during any 
given year. If we are going to average the exposure rates of epidemic 
and inter-epidemic years, might it not be possible to average the rates 
for different lifetimes, as well? The resulting rate admittedly would 
not represent the complex actuality, but it would be a single figure 
which might be very useful for purposes of comparison between dis- 
eases and between populations. 

There is another argument for the use of a simple type of curve. 
Fluctuations of a curve are exaggerated in its differential, so that a 
small deviation in the summation data would lead to a large difference 
in the rate derived from them. This would be more apparent as more 
constants were included in the curve, enabling it to follow minor 
variations in the figures. These minor variations might be actual, 
but if the figures are based on relatively small numbers of observations 
they would more likely be accidental. The constants derived from 
fitting a complex curve would therefore be meaningless to the extent 
that this curve was influenced by chance variations in the data. 

The simple curve, expressing the rate as one figure, is unable to follow 
fluctuations whether real or due to chance and can only express in a 
general way what has happened over the course of the age span which 
is being analyzed. It gives exactly the same sort of information as 
does a straight trend line, which may be very useful even though it is 
known that the data fitted are not strictly linear. 

The simplest assumption possible is that, in a given population, 
there is a constant effective exposure rate of r per unit of time, ¢. This 
rate applies to the entire population at all times, but the infected pro- 
portion, y, increases only to the extent that previously uninfected 
individuals are attacked. In addition, it is assumed that some fraction 
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of the population may be entirely uninfectable, and k represents the 
proportion of the population which can conceivably show traces of 
infection either by history or by test. These assumptions lead to the 
simple catalytic curve: 

y=k (l—e~*) (1) 
where the constants k and r have the meanings just assigned and y 
is the proportion of all individuals who will show evidences of infection 
by the time they have reached the age ¢. 

The catalytic curve is fitted very easily and the values of k and r are 
derived from this fit. What we say is simply this: supposing that the 
figures represent a population exposed to a constant risk of infection 
(r), and supposing that only a proportion (k) of this population is 
susceptible to infection, then the values derived from the fitted curve 
best represent these factors for the population in question. Actually, 
the rate of effective exposure may approach a constant value more or 
less closely, which will be shown by the manner in which the actual 
figures do or do not follow the fitted curve which passes through them. 
This allows a sort of qualitative estimate of whether the rate at various 
ages is the same as the average value given by the curve, or is running 
below or above. 

Cases will arise where even two constants, k and r, are too many. 
This is so when the sample to be fitted is quite small and therefore 
shows wide accidental variations between age groups. The situation 
may sometimes be handled by assuming that k is equal to one, or 
that the entire population is susceptible. When this assumption is 
not too far from the truth, the catalytic curve provides a value for r 
alone and so measures what would be the steady rate of effective ex- 
posure which would give results most nearly conforming to the actual 
picture, providing that all individuals were susceptible. 

This very crude method may be illustrated with the two sets of data 
shown in Chart I. The two histograms represent the findings in two 
different sets of small towns in the interior of the state of Amazonas, 
Brazil, as based on the results of the intraperitoneal mouse protection 
test against yellow fever.' This appears to be a very specific test and 
to remain positive (at least in the great majority of cases) once an 
individual has been successfully infected with yellow fever, so that the 
results by ages present a truly cumulative picture of infection. There 
seems to be little, if any, part of any population which will not develop 
a positive test after effective exposure. The assumption of a popula- 
tion originally entirely susceptible is therefore not greatly inerror. In 


1W. A. Sawyer and Wray Lloyd, “The Use of Mice in Tests of Immunity Against Yellow Fever,”’ 
Journal of Experimental Medicine, Vol. 54, No. 4, October, 1931. 
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the last place, the test is, by its nature, generally done in small numbers 
so that the chance variations between age groups are relatively large. 

Until recently, at least, it has not been considered that yellow fever 
could be endemic in areas such as those considered here. But the 


CHART I 
YELLOW FEVER PROTECTION TESTS, INTERIOR OF AMAZONAS 
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graphs show that epidemics in these sections, if actually discrete, 
were so frequent that the resulting picture is not very different from 
the one produced by a steady effective exposure rate of some 3.5 per 
cent a year. The two values of r found from the curves (0.0339 and 
0.0380, respectively) show surprising correspondence. There are indi- 
cations that, in recent years, the rate has been somewhat below the 
one given. 

A different picture is presented by the results of tests by Kerr and 
Patifio! in Socorro, Colombia. This town of some 5,000 inhabitants 
had, to all appearances, been free from yellow fever during the lifetime 
of the present generation. In 1929 a sharp outbreak produced 34 


1 Kerr, J. A., y Luis Patifio Camargo, “ Investigaciones sobre Fiebre Amarilla en Muso y Santander.” 
Revista de Higiene, Bogota, Vol. 2, No. 3, 1933. 
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deaths among 50 severe cases, while some 100 milder cases were diag- 
nosed. Table I gives the results of the protection tests. 


TABLE I 
YELLOW FEVER PROTECTION TESTS IN SOCORRO, COLOMBIA 














Age group Positive Total Per cent positive 
ERRNO eee PER Re eae ET a ee 12 23 52 
D<<¢cttusicenedatebeniedes Guu ial 12 21 57 
teehee cee pad een beeen 12 24 
Ds é ccenncacetsnesusekhusesewensid 14 34 41 
alate Gita eS cat aaa aA an aie 7 ll 64 
57 113 50 

















None of the groups showed a positive rate much different from the 
general of 50 per cent. The indications are that most, if not all, 
infections in the community took place during the 1929 outbreak. 
Assuming a true rate as low as 40 per cent (which is more than three 
times the probable error below the percentage of the sample) some 
2,000 infections must have occurred in Socorro, of which only 150 pro- 
duced yellow fever recognizable even in the presence of an epidemic. 
This is not out of line with recent findings in other parts of South America. 

This illustrates the point that histories frequently cannot give full 
information as to the incidence of infection. In the case of many dis- 
eases, some part of the population may be entirely immune to attack 
or may suffer so little that the infection is not recognized or is soon 
forgotten. Analysis must then be based on the fraction which could 
conceivably give positive histories. This fraction is represented by the 
factor k, the proportion which could give histories, or the limit toward 
which the gradually increasing proportion of positives is growing. The 
effective exposure rate, r, is based on this proportion, k. Actually r 
applies to the entire population, since this is all exposed to the same 
extent whether or not it shows the effects of such exposure. 

It would be expected, then, that groups of similar racial composition 
would give comparable values of k for the same disease, since the re- 
fractory element should be the same in each case. The values of r, 
on the other hand, should vary, as being a measure of average exposure 
risk, which would in turn depend on population density and other 
factors. It is sometimes difficult to evaluate k when data are not 
carried through adult life, since the upper limit is not clearly defined. 
Even so, it is often possible to fit the curve over a short age band when 
there are no great irregularities in the data. 

The use of the catalytic curve on figures derived from histories is 
illustrated in Chart II, which analyzes two series given by Collins’ 

1 Collins, op. cit. 
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over the short range of 5 to 15 years. It might be pointed out that 
the object here is not to minimize the value of the more refined methods 
employed by Collins in his analysis, but rather to illustrate the sort 
of information obtainable by the use of the simpler curve. 


CHART II 
WHOOPING COUGH HISTORIES—COLLINS 
(15 Localities, U. 8.) 
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The first graph is that for whooping cough in 15 localities in the 
United States. Here k is 79.5 per cent and r, 21.6 per cent a year. 
This says that about a fifth of this population never has whooping 
cough in a recognizable or memorable form and that about a fifth of the 
entire population is effectively exposed, on the average, each year. In 
the case of the second graph, for chicken-pox, k is 67.0 per cent and r 
10.6 per cent annually. In other words, a third of the population will 
never remember having had chicken-pox and only a tenth of them are 
effectively exposed, year after year. It seems surprising that chicken- 
pox, considered one of the most contagious of diseases, should have an 
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infection rate only half that of whooping cough. This might be due 
to a longer period of infectivity in the latter, producing a greater 
number of effective exposures per case. 

For the purpose of making comparisons between populations, the 
data given by Collins for whooping cough in Hagerstown were fitted. 
These figures extended over a considerably longer age band: 0 to 40 
years. Here k=78.7 and r=17.1 per cent. The proportion of ‘“‘sus- 
ceptibles” in Hagerstown therefore was almost identical with that in 
the ‘‘15 localities,” as it should have been. The surprising degree of 
approximation is probably accidental. The effective exposure rate, 
on the other hand, is quite definitely lower in Hagerstown, which leads 
to the supposition that the “‘15 localities” may have comprised a 
more urban environment. 

The use of the catalytic curve in this manner, then, presupposes a 
constant rate of effective exposure and a definite proportion of the 
population which may eventually show evidences of such exposure. 
The curve fitted to the data gives numerical values to these two factors. 

A different situation arises in the case of certain tests which could 
conceivably be positive at some time or other in any individual, but 
which in fact do not approach a limit of unity in the population. A 
test which, once positive, will always remain so, must have an asymp- 
tote equal to one if the entire population is susceptible, even though 
it might not approximate this asymptote during the ordinary life span. 
But all tests do not remain permanently positive; they may revert to 
negative. If there is a constant rate of reversion as well as of acquisi- 
tion, the value of k again becomes a fraction, but now the fraction 
measures the relation between the gain and the loss rates. 

If it is assumed that a steady rate of gain of positive reactions is 
represented by a, and a steady reversion rate by b, we have the follow- 
ing differential equation: 

dy /dt =a(1—y) —by (2) 


which leads to the expression: 
a 
y=—jll-eoy (3) 


where the values of a and b are obtained directly from k and r as found 
in fitting the usual form of the catalytic curve (Equation 1). 

The tuberculin test may be cited as an example in this case. It 
measures what may be considered as effective exposure to tuberculosis. 
The positive percentages, plotted by ages, typically follow a catalytic 
curve whose asymptote is always less than unity. The fact that the 
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limit varies from just under one to quite low values for the same race 
in different localities makes it doubtful whether much of the negative 
element represents a truly refractory portion of any population. In 
addition, when tuberculin tests are repeated yearly it is found that a 
certain number of positives later revert to negative. 

All this argues for the validity of representing the results of tubercu- 
lin tests by Equation (3) rather than by the form of (1). As in the 
simpler type, there is no justification for assuming that the rates of 
acquisition and reversion are the same throughout life; in fact, the 
evidence points the other way. But again the constants a and b 
might be accepted as a sort of general average by means of which 
comparisons may be made between different populations and localities. 
Table II lists some representative results of fitting tuberculin test data 
as given by ages. 


TABLE II 
TUBERCULIN TESTS RESULTS 




















a b 
Population 
(in per cent per year) 
Southern U. 8S. rural whites (Aronson)*...............2.c ce ccecececceee 5.72 0.98 
Southern U. 8. rural colored (Aronson)*..............0ceecececececeees 6.76 0.84 
nck cen cbcedececececssecesscedeeseces 6.27 2.52 
Nee aw haw HenS Seeds en ea onde 5.38 1.55 
Hospital admissions (mixed rural and urban)...................2-ee0+ 7.97 0.40 
Neen ates aa aikig adie Ree peik oa 'oW 9 pee ela 9.64 0.69 
Tee aS cui CORE NIN SNE MNES EN ReNEbEe aia 12.23 0.47 
a swale ane sew eensdteaeeacdens 12.73 0.42 
SE WHY CONGUE MEUIUOOM GEUEEED oo 6 ccc cece sceccccccsvceseccsces 16.51 0.43 
ER a eae 12.95 0.52 
Teen TT ne se Eee RoR ERE E NE CRECED SOR W Ona ONIN 14.75 0.45 
aa de eee ae Wea ane ab ann eee aKa wie 1,95 2.73 








* Joseph D. Aronson, “Further Studies on the Incidence of Tuberculous Infection in some Rural 
Communities of the South,’”’ American Review of Tuberculosis, Vol. 28, No. 5, November, 1933. 

t This item is included to illustrate the wide range possible in rates. It is not strictly comparable 
with the others since it is based on both Mantoux and von Pirquet tests and covers a very short age 
band—less than twenty years. All other figures are based on Mantoux (intradermal) tests read as 
positive to one milligram of tuberculin or less, and the age band covers, usually, the range of 0 to 70 years. 

The hypothetical reversion rate or 6 does not run as consistently as 
does a, the rate of gain. When the asymptote is high, small errors in 
fitting have a relatively large effect on the value of 6 whereas they do 
not greatly affect a. This is because b is based mainly on the relation 
between the distance above and below the limit, so that a shift, say, 
from 98 to 96 per cent almost doubles the value of 6. This constant, 
then, cannot be taken too seriously unless the data are good enough to 
fix the asymptote quite certainly. On the whole, in Table II, the 
relative values (especially of a) agree very well with the general 
tuberculosis picture as found in these populations. The constants 
may be accepted as a rough measure of the totality of factors influ- 


encing exposure to tuberculosis in these different localities. 
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CHART III 
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Chart III shows the fit of a few of the populations listed in Table II. 
While some rates appear to be very steady throughout life, others 
evidently run low during the earlier ages. This deficiency seems to be 
due less to variation in the acquisition of positive tests than to a 
change in the reversion rate. The less marked reactions which are 
more plentiful in childhood are more apt to revert to negative than are 
the more intense reactions which are found to a greater extent in later 
life. 

In some cases the histograms of actual test results follow the fitted 
curve very closely throughout life. This is generally the case when the 
exposure rate is high, and would indicate that in such populations a 
child is exposed to heavy infection from birth. In general, the higher 
the a rate the lower the b. This also is to be expected, as under a heavy 
bombardment of infection the tendency to revert to negative reactions 


would be less. 
A factor which might invalidate the rates derived from the catalytic 


a a 
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curve is differential mortality. For instance, if the mortality among 
tuberculin-positive individuals were higher than that among negative, 
the effect would be to hold the asymptote below its proper level. This, 
in turn, would tend to increase b above its true value. The effect of 
differential mortality would of course vary with the nature of the 
disease; in highly fatal infections it would be very great. In the case 
of tuberculin tests, it is doubtful whether there would be sufficient 
difference to vitiate the constants. 

The type of equation given in (3) should be applicable to the analysis 
of Schick tests as well, since these reactions revert at times from nega- 
tive to positive. Here a would measure the rate of acquisition of 
negative tests and b the reversion to positive. 

It is difficult to find data suited to the fitting of curves on Schick 
tests. Generally the age band is too short or the figures are too irregu- 
lar, due to small samples. The first years of life must be omitted in 
fitting the curve to avoid the disturbing influence of congenital immu- 
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.385  |37. 1429/42. 1429/47 . 1429|52.. 1429/57. 1429)62. 1429/67 . 1429/72 . 1429/77 . 1429/82 . 1429/87 . 1429/92. 1429/97 . 1429 
.40 |37.5000/42 5000/47 . 5000/52 . 5000/57 . 5000) 62 . 5000/67 . 5000/72 . 5000/77 . 5000) 82 . 5000) 87 . 5000/92 . 5000/97 . 5000 
45 |37.7778)42.7778)47 .7778|52 . 777857 . 7778) 62. 7778|67 .7778| 72 . 7778) 77 . 7778) 82 . 7778) 87 . 7778) 92 . 7778) 97 . 7778 
.50 —|38.0000/43 0000/48 .0000/ 53 .0000) 58 .0000| 63 .0000| 68 .0000| 73 .0000| 78 0000) 83.0000) 88 .0000}93 0000/98 .0000 
.60 |38.3333/43 . 3333/48 . 3333/53 . 3333/58 . 3333/63 . 3333/68 . 3333/73 .3333| 78 . 3333/83 . 3333/88 . 3333] 93 3333/98 . 3333 
70 |38.5714/43 5714/48 5714/53 .5714|58 5714/63 5714/68 .5714|73 5714/78 5714/83 5714/88 5714/93 .5714/98.5714 
.80 |38.7500)43 7500/48 . 7500/53 . 7500/58 . 7500) 63 . 7500) 68 . 7500/73 . 7500/78 . 7500/83 . 7500) 88 . 7500) 93 . 7500/98 .7500 
.90 /38.8889/43 . 8889/48 . 8889/53 . 8889] 58 . 8889/63 . 8889] 68 . 8889] 73 . 8889) 78 . 8889) 83 . 8889) 88 . 8889) 93 . 8889/98 . 8889 
1.00 |39.0000/44 0000/49 .0000) 54 .0000/59 . 0000/64 .0000| 69 .0000)74 .0000/79 0000) 84 .0000/89 . 0000/94 .0000) 99 .0000 
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nity. An attempt was made to fit two samples given by Collins! 
though the reliable percentages ran only from ages 5 to 15. The results 
were: 
Syracuse: a=6.2 per cent; b=0.9 per cent annually. 
Kansas City: a=6.4 per cent; b=0.7 per cent. 


MECHANICS OF FITTING 


It was found that the method of moments gave, directly, the same 
results as were obtained by graphic approximation plus two least- 
square corrections. The former was therefore used throughout. The 
equations for the first two moments are: 


Sydt= kat (e-—1)/r]=2y (4) 
1 Collins, op. cit. 
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.0000/2 . 6667/3 .3333/4 0000/4 .6667/5.3333/6 .0000/6 . 6667) 10.0000) 13 .3333/ 16 .6667| 20 .0000/23 . 3333 
. 9975/2 6622/3 .3269/3 .9900/4 .6531/5.3157/5.9776/6.6391| 9.9381) 13.2237) 16.4960) 19.7551/23 .0012 
- 9950) 2 .6578/3 3195/3 .9802|4 .6397/5 . 2982/5 .9555)6.6118) 9.8776)13. 1172/16 .3314/ 19.5208) 22.6861 


. 9925/2 6535/3 .3131/3.9704/4 6264/5. 2809/5. 9337/6 .5848) 9.8183) 13.0139) 16. 1732|19. 2977/22 .3887 
: : 3.3061/3 .9606/4 6133/5. 2638/5 .9122/6.5586) 9.7604) 12.9139) 16.0215) 19.0858) 22 . 1093 
- 9876/2 6447/3 2995/3 9510/4 . 6000/5. 2469/5.8912/6.5326) 9.7039) 12.8172) 15.8760) 18.8853 


. 9852/2 . 6404/3 2924/3 .9415/4 5874/5. 2302/5.8701/6.5068) 9.6488) 12.7240) 15. 7377/18 6960/21 .6042 
- 9828) 2 .6361/3 . 2857/3 .9320)4 5746/5 . 2137/5. 8494/6 .4816| 9.5951/ 12.6339) 15. 6057/18 .5180| 21.3766 
- 9803/2 .6319|3 2793/3 .9226/4 5620/5. 1975/5 .8291/6.4570) 9.5429)12 5473/15 4801/18 . 3506/21. 1674 


-9779/2 6277/3 .2729/3 .9134)4. 5495/5. 1814/5. 8090/6 .4326| 9.4921/12.4640) 15. 3608/18 . 1936}20.9726 
2.6234/3 . 2663/3 .9042/4.5372|5. 1656/5. 7893/6 4086) 9.4426) 12.3841) 15. 2476/18 0465/20. 7924 
.9731/2.6193)3 . 2599/3 8951/4 5250/5. 14995. 7699/6.3850) 9.3946) 12.3073) 15. 1403/17 . 9088) 20.6258 


.9707/2.6151/3 2535/3 . 8860/4 .5130/5. 13455. 7508/6 .3619) 9.3480) 12.2337) 15.0387|17 .7801|20.4717 
- 9684/2 .6110)3 . 2471/3 .8771)4. 5011/5. 1193)5.7319|6.3392) 9.3028) 12. 1632) 14 .9426)17 .6597/ 20.3293 
. 9660) 2 . 6069/3 . 2409/3 . 8683/4 4893/5. 1043/5.7134/6.3169| 9.2590) 12.0956) 14. 8517|17 5472/20. 1976 


-9637/2 6028/3 . 2346/3 .8595/4.4777/5 0895/5 .6953/6.2951) 9.2165/12 0310) 14. 7657/17 4420/20 .0757 
.9613)2 . 5987/3 . 2285/3 . 8509/4 4663/5 .0750|5.6773/6.2737| 9.1753)11.9691/ 14. 6845/17 .3436/ 19.9628 
. 9590/2 . 5937/3 . 2223/3 8423/4. 4550/5 .0606)5 .6592/6.2526) 9. 1354/11. 9100) 14.6076) 17.2515)19. 8581 


.9567/2 5907/3 . 2163/3 . 8338/4. 4438/5 .0465)/5.6425/6.2320) 9.0968) 11.8534) 14.5350) 17. 1653)19. 7609 
9544/2 5867/3 . 2103/3 8254/4 4327/5 .0326|5.6255/6. 2118) 9.0594) 11.7993) 14. 4663/17 .0846/ 19.6705 
-9521/2 5828/3 . 2043/3 8172/4 .4219/5.0189)5 6088/6. 1920) 9.6233) 11.7476) 14.4014/17.0089) 19.5864 


- 25] .6599) 1 .3065) 1 .9408)2 5634/3 .1752/3.7770|4 .3696)4 .9536|5. 5299/6 .0090) 8.8594/11 5210) 14. 1245/16 .6938) 19.2423 
- 30} .6585) 1.3014) 1.9300}2 .5448)3 . 1475/3 . 7372/4 3209/4. 8935/5 .4581/6.0155) 8.7209)11.3393/ 13.9115) 16. 4586]18.9913 
- 35} .6571) 1.2963) 1.9190) 2. 5268/3 . 1211/3. 7036/4. 2753/4 8383/5 .3930/5.9407) 8.6039) 11. 1922/13 .7445) 16.2782) 18.8016 


- 40) .6559) 1.2914) 1.9086) 2. 5095/3 .0960|3 6701/4 .2335)4. 7877/5 .3340/5.8738) 8.5045) 11.0720/13 6112/16. 1364/18 .6538 
- 45) .6546) 1.2865) 1. 8984/2 4928/3 .0721/3 .6387|4. 1945)4.7414/5.2808/5.8140) 8.4197/10. 9724/13 5027/16 .0222/ 18.5358 
. 1. 2817/1. 8885/2 4768/3 .0495/3 . 6093/4. 1585/4 6990/5. 2326/5. 7605) 8.3469) 10.8889)13 .4130) 15.9286) 18.4394 


8696/2 4467/3 0078/3 5560/4 0943/4 6249/5. 1496/5.6696) 8. 2293/10. 7576) 13.2738) 15.7843) 18.2917 
.8518]2.4191/2.9703/3 5094/4 0395/4 .5629/5.0814/5.5961) 8. 1391/10.6593) 13.1710) 15.6786) 18. 1839 
.8351)}2 .3938|2 .9369|3 .4687)|3 9926/4 .5107|/5.0248)5. 5360) 8.0682) 10.5833) 13 0921/15 .5978)18. 1018 
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Stydt =k 02/24 [e-=(ar+ 1) —1]/r?{ =Xty (5) 
0 0 


These may be solved directly (by approximation) by means of the 
following equations: 





(Ma—a?/2)r?—[(a—M)r+1]e-7"—Mr+1=0 (6) 
(where M = mean or Sty/Zy) 
bo (7) 


a+(e-e"—1)/r 


A much more rapid method and one requiring little calculation is 
the use of two tables giving, respectively, =y and M for different values 
of rand a. Such are Tables A and B contained in this paper. In- 
terpolation by first differences in these tables gives values to a degree 
of approximation closer than is justified by the quality of data generally 
available for fitting. 


TABLE B: CATALYTIC CURVE i=2y/2v (Continued) 








40 45 50 55 60 65 70 75 80 85 95 100 


4 








90 
26 .6667/30 0000/33 .3333/36 . 6667/40 .0000| 43 . 3333/46 . 6667/50 0000/53 . 3333/56 . 6667/60 0000/63 . 3333/66 . 6667 
26 . 2344/29 4549/32 6629/35 . 8584/39 0417/42. 2129/45 .3722/48.5196)51 . 6555/54 . 7799/57 .8930) 60. 9949/64 .0859 
25.8278) 28 . 9465/32 0430/35. 1178/38. 1716)41 . 2050/44. 2186/47. 2132/50. 1892/53 . 1474/56 .0881/59 0124/61 .9202 


25 .4477/28 .4762|31 .4754/34 4470/37 .3921/40 3122/43 . 2085/46 .0823/ 48 . 9348/51 . 7673/54 5807/57 .3763/60. 1550 
25.0946) 28 6440/30 . 9602/33 . 8451/36. 7011/39. 5304/42 3348/45. 1163/47. 8766/50. 6174/53 .3403| 56 0467/58. 7379 
24. 7681/27 .6494|30 4952/33 . 3087/36 .0930| 38 . 8508/41 .5842/44 . 2972/46 . 9903/49 6659/52 .3261)54.9719)57.6051 


24 .4674/27 . 2904/30 0775/32 .8329/35 . 5602/38 . 2627/40 9434/43 .6049| 46 . 2495/48 . 8793/51 .4960| 54. 1013/56 .6964 
24. 1913/26 .9648/29 . 7034/32 4119/35 0944/37 . 7544/40 .3952/43 0193/45 .6292/48 . 2267/50 8137/53 .3914/55.9613 
23 .9383/ 26 .6702/29 . 3689/32 .0398/34 6871/37 .3147/39 .9255/42 5223/45. 1072/47 .6820/ 50 . 2483/52 .8072/55.3599 


-09 23.7068) 26 .4038/29 .0700)31 . 7108) 34 . 3307/36 . 9333/39 .5218]42 0983/44 .6652)47 . 2236) 49. 7753/52 .3211|54.8619 
-10 |23.4952/26 . 1630/28 . 8026/31 4194/34 0178/36 .6014/39. 1729) 41 . 7345/44 . 2879/46 . 8346/49 3758/51 9122/54. 4447 
«11 |23.3017/25. 9452/28 5631/31 . 1607/33 . 7424/36 .3112/38 .8697/41 .4200/43 . 9636/46 .5016) 49 0350/51 5646/54 .0910 


-12 |23. 1248/25 . 7480/28 .3482/30 . 9305/33 .4989/36 0562/38 . 6048/41 . 1465/43 .6825/46 .2139}48 7416/51 . 2661/53 .7879 
-13  |22.9629)25 5692/28 . 1549/30 . 7248/33 . 2826/35 . 8310/38 .3719| 40 . 9069/43 4371/45 . 9635) 48 .4867/51 0073/53 .5256 
-14  |22.8146/25 4068/27 . 9806/30 5405/33 .0898/35 6311/38 . 1658/40 . 6956/43 2214/45. 7438) 48 . 2636) 50. 7811/53. 2067 


-15  |22.6786/25. 2590/27 .8230/30.3747/32 9172/35 4525/37 .9826)/40 . 5081/43 .0303/45 5496/48 .0667/50 .5818)53 .0952 
-16 |22.5536)/25. 1242/27 .6799) 30 . 2250/32. 7619] 35 . 2926/37 . 8187/40 .3409/42 . 8602/45 .3770/47 . 8918/50 .4049|52.9167 
-17 22.4386) 25 .0007/27 .5498)30 .0893/32 .6216/35. 1486/37 .6714/40. 1908/42 . 7078/45 .2225/47 . 7355/50. 2471/52. 7574 


18 | 22.3326)/24 8876/27 .4310)29 .9658|32 4944/35 0182/37 5384/40 0556) 42 .5705/45 0835/47 . 5950/50. 1052/52 .6144 
-19 |22.2346)/24. 7837/27 3222/29 .8532|32 .3786/34 . 8997/37 .4177/39. 9330/42 . 4462/44 9579) 47 . 4682/49 9773/52. 4854 
-20 |22. 1440) 24.6879/27 2224/29 7500) 32. 2727/34. 7916/37 .3077|39 8214/42 3334/44 8438) 47.3529 
44 
44 


-25  |21.7779/24 3049/26 . 8261/29. 3431/31 . 8571/34 3689/36 . 8788] 39 3873/41 8947/44 4012/46 . 9070/49 .4121/51.9167 
-80 /21.5152/24 0333/26 . 5476) 29 .0591/31 .5686|34.0766/36 . 5833/39 .0892/41 5942/44. 
-85 = [21.3187)23 .8317/26 3420/28 . 8503/31 .3571/33 . 8629/36 .3678)38 .8720) 41 3756/43 .8789/ 46. 


-40 = |21. 1667/23 .6765)26 . 1842/28 .6905)31 . 1956/33 . 7000/36 . 2036/38 . 7069/41 . 2097/43 .7121/46. 2143 
-45 [21.0457/23 .5534/26 .0594/28 5643/31 .0684/33 .5718/36 .0747/38. ’ 
-50 [20.9474/23 .4535/25 . 9584/28 . 4623/30. 9655/33 .4683/35.9706 
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38 45 

-60 |20.7971/23 3013/25 .8046)28 .3073| 30 . 8095/33 .3114/35.8130/38. , 45. 

-70 |20.6878)|23 . 1909/25 .6932/28 . 1952/30 6969/33 . 1982/35. 6994 — 40.7013)/43 2021 45 708 
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Example: Tuberculin tests, Manchioneal (Jamaica): ! 
70 70 70 
Ly = 43.20 Sty = 1746.75 M = 40.4340 
0 0 0 


Interpolating on Table B, for a=70, M =40.4340: r=0.0693 
Interpolating on Table A, for a=70, r=0.0693: Dy = 55.6641 
Then k= 43.20/55.6641 =0.7761 

From which: a=kr=0.0538; b=r—a=0.0155. 


When & is assumed as unity, the first moment only is used and r 
is obtained directly by interpolation in Table A. 

For the fitting of curtate data (those which do not start with zero 
years of age) it has proved most practical to set up a short table of 
Ly and M over the expected range. The following equations are used, 
employing values given in Tables A and B: 


6 B a 
Ly = Zy— Ly (8) 
a 0 0 


6 a 8 6 a 6 
M =(3y/Sy)(M—M)+M (9) 
a 0 a 0 0 0 


The subsequent procedure is the same as that with complete curves. 

As r approaches 0, the catalytic curve approximates a straight line 
with its asymptote at infinity, so that M=2a/3. If the value of M 
is greater than this, the catalytic does not apply since the concavity 
of the curve is upward. As r approaches infinity, the area under the 
curve approximates a rectangle with M=a/2. If the value of M is 
smaller than this, the slope of the curve is downward and the catalytic 
curve cannot be fitted. 


1 Reports and correspondence (unpublished), International Health Division, The Rockefeller 
Foundation. 
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CORPORATE EARNINGS ON SHARE AND BORROWED 
CAPITAL IN RATIOS OF GROSS INCOME 


By Le.tanp Rex Rosrnson 


As business improvement gains headway, however patchy in char- 
acter, it becomes increasingly evident toward the end of 1933 that a 
complete cycle has been experienced in the years 1921 to 1932 inclusive. 
For the first time it would now appear possible to trace the vicissitudes 
of business from the low points of 1921 to the depths of eleven years 
later, making our survey from the generally higher levels of this year. 

Among the many factors in such a survey there is perhaps none of 
greater significance than the capacity of business, in fair weather or in 
foul, to convert its raw material of gross earnings into the finished 
product of net returns upon the capital employed, including borrowed 
funds as well as share capital. This may be put more simply by saying 
that a telling test of efficiency in any line of business is its ability to 
absorb the ‘‘bumps” by maintaining relatively stable ratios of net 
profit to gross income. 

The degree of stability from year to year in such ratios for any given 
industry is obviously a fairer basis of comparison than the relative 
levels of such ratios for different industries. The latter necessarily 
vary with average rates of turnover, the importance of processing as 
compared with raw material costs and other similar factors. Further- 
more, important as it appears to know what the average expectation 
may be of earnings for all capital employed in any line of enterprise, 
from a given gross, it is far more important to anticipate the extent to 
which the ratio of such earnings may suddenly mount or tumble under 
the impact of changing general conditions. 

Gross revenue itself (except for interest or dividend return upon 
invested capital) is derived from two components, the prices of the 
commodities sold and the volume of sales. The effect upon net profit 
ratios of rising or falling unit prices of the product concerned is usually 
much more immediate and drastic than that of changing volume. 
However, with rising gross income and an increased volume of business, 
a rapidly mounting profit ratio suggests in most cases that operations 
had not earlier been adjusted to an efficient basis, financially speaking. 
Conversely, as falling gross income is often more attributable to decline 
in volume than to fall in prices, a fast drop in the ratio thereto of net 
profit betokens, as to operating costs, a failure to trim sails quickly 
before the wind. The greater the skill shown in any industry in 
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avoiding extreme fluctuations of such ratios, the more assurance do 
investors have that a “‘feast and famine”’ experience will not be their 
lot. It must be kept in mind that the basic effect upon net earnings 
of changing ratios of net profit to gross income is magnified by the up- 
ward or downward sweep of this gross income itself. Furthermore, 
in companies making use of borrowed funds the stockholders experience 
(in net income attributable to share capital alone) the upward or 
downward leverage effect of this fixed-cost capital. 

The principal source of data for studies of this kind is, of course, the 
annual compilation of Statistics of Income from the Bureau of Internal 
Revenue. Such complete figures as are available from this source 
are, however, two years or more out of date when received ; and, in under- 
standing the current position, they are useful only as background. It 
becomes necessary, therefore, to develop corresponding independent 
series of figures derived from analyses of individual corporation reports. 
If trends for the two series correspond closely, it is possible to gain from 
the partial reports a clear idea in advance of the showing which will be 
made when the figures become available giving the aggregate perform- 
ance, from group to group, of all the nation’s corporations. 

It is quite surprising, with all the research which has been done in 
the field of corporate earnings, that more studies have not been at- 
tempted of the changing ratio to gross income of that portion of gross 
income which is available, after the deduction of all taxes, for the 
payment of interest and dividends. Considerable data have been 
gathered in the field of net income available for stockholders. Such 
figures, however, are perhaps not the truest measure of corporate 
performance, as they fail to show the amount earned on total capital 
employed in the business, both borrowed and share. In view of the 
importance to investors, business men, and students of the business 
cycle, of reasonably up-to-date information on these ratios, an effort 
has been made to develop independently two series of them, permitting 
comparison between the global government figures for each group and 
the results obtained from analyzing, separately, the reports of repre- 
sentative corporations. 

The number of individual representative corporations whose pub- 
lished reports may be utilized for this purpose is limited by reason of 
the fact that the majority of corporations do not publish figures of gross 
income. However, it has been possible to pick out a substantial num- 
ber of leading and representative corporations which do give the 
necessary data in their current reports, and to group them into the 
same categories as those which are presented in the federal figures, 
making certain that each corporation separately analyzed is assimi- 
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lated to the same group as that in which it appears in the income tax 
reports. 

In this way it was found possible to compare the fluctuations in ratios 
of net profit to gross income in the two series. The results of this study 
are spread out in Table I, which also shows on the right-hand margin 
the average number of representative companies in each group, and the 
average percentage which their gross income bears to the gross income 
for all corporations in each corresponding category as set forth in the 
federal Statistics of Income.' 

The data in the table are also presented in graphic form in the charts. 
In all these charts there will be noted a substantial degree of conformity 
in the movements of the ratios of both series in the period from 1918 to 
1930, the latest year for which complete federal statistics have been 
issued. In certain of these groups the conformity is so close that the 
ratios of net profit to gross income for all corporations may be forecast 
with a reasonable degree of assurance by bringing up to date the ratios 
for individual representative corporations in the same categories. 

For purposes of comparison, the author has taken the liberty of 
juxtaposing with his own charts certain graphs showing results of some- 
what similar studies in the same field. Miss Lucile Bagwell, in her 
“Business Income and Profits” (Journal of Business of the University 
of Chicago, October, 1929), has given us ratios of net profit to gross 
income, computed from Statistics of Income, with the important 
difference that net profit in this case is officially reported net income 
with salaries paid to officers, as well as interest, put back in again. 
The figure is therefore an estimate of ‘‘net profits available for capital 
and management.”’ Inclusion of salaries paid officers makes Miss 
Bagwell’s “‘net profit”’ a substantially higher figure than the author’s. 
Moreover, the federal tax paid is deducted from the author’s compila- 
tion and this adds to the spread between the two series. The move- 
ments of the two series, it will be noted, are nevertheless closely com- 
parable during the post-war period to 1927, when Miss Bagwell’s series 
ends. It is interesting to observe that the apparent norm of ten per 
cent in ratio of ‘‘net profits available for capital and management” 
to gross income in Miss Bagwell’s study checks with the ratio of net 
profit to gross income for representative corporations in the first chart 
(line B), although the two series are of course not really comparable.’ 


1 Obviously the term “representative” applies less to certain groups than to others. In “stone, 
clay and glass” there are but two companies in the “‘representative” category and consequently the 
correspondence of their ratio movements to those of the inclusive government group is less satisfactory. 

2 In utili#ing the categories of corporations given in Statistics of Income, the author has discarded the 
following: “agriculture and related industries” (as corporate activity is not typical of agriculture) ; 
‘“‘finance”’ (because of wide diversity of non-comparable activities, such as banking, insurance, real 
estate, stock-broking, and holding company, included therein); “‘transportation and other public util- 
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Professor S. H. Nerlove (A Decade of Corporate Incomes—1920 to 1929, 
Studies in Business Administration, School of Commerce and Administra- 
tion, University of Chicago), and Professor R. C. Epstein (Industrial 
Profits in Prosperity and Depression, 1919-1932, National Bureau of 
Economic Research) have both developed significant ratio series of net in- 
come to gross. Nerlove’s figures for gross income, like the author’s, in- 
clude all realized income as reported to the Bureau of Internal Revenue, 
with the exception of dividends received, which the former excludes. 
Epstein’s gross is a sales figure only, namely, the total dollar volume of 
output after returns and allowances, and before the deduction of cost 
of goods sold. Epstein and Nerlove are computing in their net income 
figures earnings on share capital only (i.e. “net income” exclusive of 
interest paid as over against ‘‘net profit” used in the present study as 
earnings on all capital employed, both borrowed and share). Despite 
these variations among the three different series, a similarity of move- 
ment will be observed by glancing at Chart I. 

The near identity of Epstein’s two ratio series (‘‘net earnings’ to 
“sales” and ‘‘net earnings” to “‘capitalization’”’) appearing at the 
bottom of Chart I seems surprising at first blush. It is explained by 
the fact, as noted by Miss Bagwell in her earlier study, that capital 
invested in all corporations approaches their gross income and varies 
with it, with the resulting indication of ‘“‘an average rate of profit 
earned on the amount of capital invested in all corporations each year 
very similar to the rate of profit on their gross income.” (Jbid., p. 
355.) 

Before drawing any tentative conclusions from the table and charts 
here submitted, it may be pointed out that in the use of ratios certain 
technical difficulties are minimized which would forcibly obtrude them- 
selves if aggregate figures of gross income appeared. Obviously figures 
of gross income which include dividends received on stocks owned, as 
well as the cost of all goods sold, would permit an almost incalculable 
duplication of items if added together for all corporations. Further- 
more, as pointed out by Professor W. L. Crum in “The Post-War 
Course of Corporate Profits” (Harvard Business Review, April, 1933) 
“‘Gross Income, as reported, is not truly a gross item; it is made up 
partly of gross items, and partly of net items.” ! 





ities”; ‘“‘construction’”; ‘‘forest products’; and ‘‘service—professional, amusements, hotels, etc.’’ 
His figure for ‘‘all corporations’’—both for representative companies and corporate activity as a whole, 
as reflected in the Statistics of Income—is made up, therefore, of all the categories except those omitted 
as above mentioned. 

1 Professor Crum has earlier developed this point in his book Corporate Earning Power, pp. 2-4. The 
reader is also referred to J. F. Ebersole; 8. 8. Burr; and G. M. Peterson, ‘‘Income Forecasting by the 
Use of Statistics of Income Data,”’ Review of Economic Statistics, November, 1929, for a more technical 
discussion of this subject. 








CHART I 
RATIOS OF NET PROFIT TO GROSS INCOME 











° 
1918 1919 1920 1928 6922 1923 1924 1925 1926°1927 1928 1929 1930 4931 P32 ° 





a ALL CORP ORATIONS. c 
20 260 
=— “ml 
el ~., Cc 
10 a? pom ee = aman? * i=] — » * 00 
~ “* <mopem* —~ a P 
@eve “At. MA _POrreprr tered... goneef "OT Oren do. oe 2 @eere Oe, 
* Me, J a "ee 





















































A: RATIO OF NET PROFIT (AMOUNT AVAILABLE FOR INTEREST &@ DIVIDENDS AFTER 
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Certainly there would be an even less degree of uniformity in the 
public accounting methods of the many scores of individual corpora- 
tions whose reports have been analyzed for the present study. When 
the problem is reduced, however, to ratios obtaining between net and 
gross, the probable comparability of accounts from year to year for the 
same corporations and for the same groups of corporations assures us 
of the significance of the trend movements. Similarly, the fact that 
duplications exist in any aggregate of gross incomes does not affect the 
validity of such ‘‘net to gross” ratios, which are intended to afford a 
gauge of corporate operating efficiency measured wholly from a mone- 
tary standpoint. Nor for this reason is it particularly significant that 
in the Statistics of Income, as well as in the author’s corresponding 
categories of representative corporations, an increasing number have 
yielded their data from year to year. 

The following principal observations are suggested by this study 
and its presentation in chart form: 

(1) Corporations as a whole have shown a surprising degree of reg- 
ularity in the proportions of their gross income available as net earnings 
on total capital employed, including borrowed capital. This is par- 
ticularly true in the years 1922-1929, during which period such ratio 
of gross available for net profit kept within 44% to 5% per cent, and 
averaged about 5 per cent. It is significant that in 1928 and 1929 this 
percentage was only a fraction of one per cent higher than in 1922, and 
was almost exactly the same as in 1923, 1925 and 1926, a slight drop 
being registered in 1924 and 1927. 

The representative series for all corporations shows the same broad 
variations from year to year, but these companies—being in general 
the larger and more successful units—registered a higher percentage of 
gross available as net earnings, with a gradual upward trend discernible 
between 1922 and 1929, interrupted in 1924 and 1927. The ratio was 
slightly less than 9 in 1922, slightly less than 11 in 1928, and a little 
over 11 in 1929. While an increase in the percentage is shown from 
1927 to 1929, it is by no means as great as might have been expected, 
in view of the mounting gross earnings in the latter years of the ‘‘New 
Era”’ prosperity. 

The sharp drop in both series from 1929 graphically depicts the ap- 
palling character of the present depression as compared with the 
immediate post-war setback. The fact that line B in the first chart 
dips below zero leaves no doubt, in view of the similar movements of 
the two series, that the nation’s corporations as a whole were operating 
at a sharp loss in 1932, the impact of this loss being felt particularly by 


shareholders. 








CHART II 


RATIOS OF NET PROFIT TO GROSS INCOME 
RUBBER PROOUCTS. 
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(2) Professor W. L. Crum in his recent article on ‘“‘The Post-War 
Course of Corporate Profits as Determined by Net-to-Gross Profit 
Ratios” (Harvard Business Review, April, 1933) points out that ‘‘ The 
movements of the profit ratio, at times when business is slumping into 
depression or recovering toward prosperity are generally violent.” 
This is particularly true when the “profit ratio” is used in Professor 
Crum’s sense ‘‘as the result of dividing the statutory net income, less 
the income tax, by the gross income.’’ However, the table and charts 
herein presented illustrate the truth of Professor Crum’s assertion, 
even when the ratio is based upon “‘net profit” to all capital employed 
and not merely upon shareholders’ earnings. 

The nature of this upward and downward “‘income leverage” in good 
or bad times may be visualized by studying the movement of line C 
in the first chart with lines A and B. Bank debits for cities outside 
New York (line C) have been found to have a surprisingly fixed rela- 
tionship to corporate gross earnings as reported in the Statistics of 
Income, the ratio of the latter to the former in the decade 1919-1929 
ranging from approximately 47-48 per cent in 1929, and 1919-1921 
inclusive, to 51-52 per cent from 1922 to 1928 inclusive: Using bank 
debits (to individual accounts in 140 centers outside New York City) 
as a rough gauge of the trend of gross corporate receipts, we find a 
certain dependence of net profit to gross income ratios upon aggregate 
volume of business expressed in dollar amounts. However, net-to- 
gross ratios for all corporations have been practically stable from 1922 
to 1929, as pointed out above, and therefore independent of the gross 
income movements. 

(3) Ratios of net profit to gross income showed a high degree of reg- 
ularity in Total Manufacturing, and here, as well, the two lines move 
practically simultaneously, the principal exception being in 1927. For 
all corporations the ratio was less than 1 per cent higher in 1929 than 
in 1922, the average for this period being about 7 per cent, with slight 
decreases in 1924 and 1927. Again it may be remarked that the in- 
crease in ratio from 1927 to 1929 is by no means as great as might have 
been expected in the boom preceding the present depression, and serves 
to point out the lesser degree of efficiency than is commonly supposed 
to have characterized industry in those years. The plunge from 1929 
became even more precipitate from 1931 to 1932 (for representative 
corporations) ; and the virtual uniformity in movement of the two series 
shows that manufacturing corporations were operating at a great 
aggregate loss in 1932. In the 1931 and 1932 débacle inventory 


1 This relationship has been pointed out by Miss Bagwell for the years 1917-1926 in an interesting 
chart (sbid., p. 349). 








CHART III 
RATIOS OF NET PROFIT TO GROSS INCOME 
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CHART IV 
RATIOS OF NET PROFIT TO GROSS INCOME 
STONE,CLAY & GLASS PRODUCTS. 
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losses must have bulked very heavy, transcending their scope in 
1920-1921. 

(4) Among the different groups given in the table the greatest degree 
of regularity from year to year is to be found in Trade and Food Prod- 
ucts, Beverages and Tobacco, Chart III. In the latter the ratio for all 
companies is practically the same in 1929 as in 1922-1923, and it varies 
less than 1 per cent in the interim; while, for representative corporations 
in the same group, the ratio is almost exactly the same in 1931 as in 
1922. In Trade there is a general downward trend, since 1922, in both 
the representative series and that for all corporations. The indica- 
tions are that companies in these two categories (Food Products and 
Trade) enjoy on the average a greater degree of stability than in almost 
any other lines. 

The decline since 1929 in net-to-gross ratios of representative corpo- 
rations in Trade gives a clear indication that the aggregate net profits 
for all corporations in this category will register an algebraic negative 
for 1932 when Statistics of Income finally becomes available. On the 
other hand, the highly encouraging showing in 1930-1932 of repre- 
sentative companies in Food Products, Beverages and Tobacco argues 
well for the performance of the industry as a whole. 

(5) One conclusion, among others, derived from these charts is that 
ratios of net profit to gross income clearly show a long-term post-war 
downward trend in Textiles, and Rubber Products; a general upward 
trend in Chemicals and Allied Products; and a high degree of irregular- 
ity from year to year in Mining and Petroleum. 

Apart from whatever light research of this kind may throw upon 
business movements in general, it is also of practical use in studying the 
performance of individual companies against the background of group 
experience. Any such application of this method, however, easily 
leads to unwarranted conclusions unless the characteristics and 
peculiarities of each company are taken into consideration, and the 
groupings are essentially homogeneous in character. 

Perhaps it will not be out of place to remind ourselves at this point 
of the late lamented ‘‘ New Era” theories of 1928 and 1929. In any 
case, it may be observed from the charts that if we are to make refer- 
ence to ‘‘normal”’ conditions, it is much safer to take the years 1924— 
1927, or the average thereof, as indicative of what may be expected in 
the future, than the extravagant hopes and the speculatively motivated 
activities of the two pre-depression years. 


Ww 
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THE ANALYSIS OF MULTIPLE CLASSIFICATIONS WITH 
UNEQUAL NUMBERS IN THE DIFFERENT CLASSES 


By F. Yates, Rothamsted Experimental Station, England 


A type of problem which frequently confronts the statistician is the 
analysis of data which can be classified simultaneously in two or more 
different ways, as for example, the analysis of the incidence of disease 
in different factories, where the factories might be classified according to 
type of work and also according to geographical position. The statis- 
tical procedure appropriate to the case where the numbers in the 
various sub-classes are equal is specially simple, and has been very 
fully developed in connection with replicated field trials in agriculture. 
The procedure is a special case of the method known as the analysis of 
variance, which was first introduced by R. A. Fisher. 

When analyzing tables in which the numbers of the various sub- 
classes are unequal the procedure appropriate to equal numbers re- 
quires considerable modification. A. E. Brandt! in a paper in this 
JOURNAL has set out a method of analyzing a 2s table. The present 
paper considers the more general case of a pXq table, and suggests 
certain corrections which appear to be necessary in Brandt’s methods. 
The matter has already been discussed in a recent paper * but only some- 
what incidentally in connection with rather different problems of ex- , 
perimental design. It is proposed here to give a rather more detailed 
account of the methods of analysis and the logical principles underlying 
them. 


ESTIMATION AND TESTS OF SIGNIFICANCE 


In the analysis of any given body of data the practical statistician 
is usually concerned with the two fundamentally different statistical 
problems of estimation and tests of significance. The object of esti- 
mation is to obtain the best value available from the data for the 
magnitude of an effect assumed to exist, whereas the object of tests of 
significance is to decide whether there is any evidence that the effect 
exists at all. Both these problems necessitate certain assumptions be- 
fore we can proceed to their solution. 

In estimation the data are assumed to be a random sample from a 


1A. E. Brandt, ‘‘The Analysis of Variance in a 2Xs table with Disproportionate Frequencies,” 
this JouRNAL, 1933, 28, 164. 

?F. Yates, ‘‘The Principles of Orthogonality and Confounding in Replicated Experiments,” J. 
Agric. Sci., 1933, 23, 108. 
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population of some given mathematical type, but with certain con- 
stants undetermined. For example, in measuring the height of a moun- 
tain by observing its angle of elevation from a place a known distance 
away various values might be obtained. The common practice is to 
take the mean of all the values as the best estimate of the height. Yet 
the mean is only the best estimate if the observed values can be re- 
garded as a sample of a normally distributed population of values 
(or of certain other special types of distribution). We may regard this 
as a reasonable assumption, partly in view of our knowledge of the 
sources of the errors to which the observations are subject, partly by 
previous experience with similar observations, partly by examination 
of the observations themselves. But the assumption (at least of 
approximate normality) must be made, for there are other types of 
distribution in which the observations might conceivably be distrib- 
uted in which the mean is by no means the best estimate, some in 
fact in which the mean is a very poor estimate indeed. This is im- 
plicitly recognized by the surveyor in that he usually reserves himself 
the right to reject widely discordant observations. 

Tests of significance depend on a similar assumption as to the exist- 
ence of an infinite population of values giving rise to the particular 
values observed, but here the question propounded is somewhat differ- 
ent, being of the form: What is the probability that an estimate from 
a set of values can be regarded as a member of some population of 
estimates, or alternatively what is the probability that two or more esti- 
mates from different sets of values can be regarded as belonging to 
the same population of estimates? If this probability is small it is 
taken as evidence that the two sets of values are measures of different 
quantities. In all cases the form of the population of estimates is 
determined, once the form of the population of values is assumed 
(though the available methods of mathematical analysis may not be 
powerful enough to define it) but the observations themselves may be 
utilized to determine some or all of the parameters. Consider, for 
example, estimates of the height of children of a certain age made by 
measuring the height of two groups of children, one from well-to-do 
and the other from poor parents. Assuming that both sets of heights 
are samples from the same normally distributed population of heights 
it is possible to use the observations themselves to evaluate the prob- 
ability of obtaining two sets of heights with means differing more 
widely than the means of the two observed sets differ. If such a prob- 
ability is low (say less than 1 in 20 or 1 in 100) the two estimates of 
mean height are said to be significantly different, and if adequate 
precautions have been taken to eliminate or equalize other disturbing 
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factors, this may be regarded as evidence that there is in fact a real 
difference attributable to causes associated with parentage. 

In the case of multiple classifications with unequal class numbers, 
estimates and tests of significance vary according as certain assump- 
tions are or are not made. We will here confine our attention to the 
discussion of a double (or two-way) classification, except for a brief 
note on multiple two-fold classifications. The extension to more com- 
plex classifications involves no new principle. 

Assuming that each value can be classified in one of p classes repre- 
senting effects A and simultaneously in one of g classes representing 
effects B, there will be pq sub-classes, each of which may contain sev- 
eral, one, or no values. The numbers in each sub-class (the class 
numbers, nu, etc.,) may be set out in a two-way table, Table I, the 
marginal totals being represented by N;., etc., N.1, etc., and the gen- 
eral total by N. 














TABLE I 
CLASS NUMBERS 
Ai | Sa oe ee a ee a Total 
Bi nu Mcevsev sin 0 Na 
B: ni a « «+ s os et oo Na 
- a” a ee cco "Be 
Total Ni. es n et ee eS oe 














If y be taken as the general symbol for an observed value the values 
in the sub-class A; B, may be represented as yin, Yu, etc. and the sub- 
class mean as yu. The mean of all the A; sub-class means may be 
written as 7., and the mean of all the sub-class means as y. Similarly 
the sum of all the values in the sub-class A; B; may be written Syu, 
the sum of all the A; sub-class sums as SSy;. and the grand total SSy. 

The values y will be assumed to be normally distributed with the 
same variance about hypothetical sub-class means. 

An estimate of this variance is immediately available from the differ- 
ences of the individual values from their own sub-class means, the esti- 
mates from all the sub-classes being pooled in the ordinary manner of 
the analysis of variance with unequal classes (outlined in the next 
section). The difference between any two sub-class means can then 
be tested by means of the ¢ test, and the difference between any pair 
of means of sub-class means, weighted or unweighted, may be tested 
in a similar manner. It should be borne in mind that such tests will 
frequently be adequate to decide on the significance or otherwise of the 
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effects under consideration, and that the more elaborate tests about to 
be described will not then be necessary. But whether tests of signifi- 
cance involving several degrees of freedom are undertaken or not, the 
various possible estimates of the different effects should be clearly 
distinguished. 

The pq hypothetical sub-class means, if known, might be combined 
in various ways corresponding to real physical effects. In particular, 
in a two-way classification the differences of the means of all sets of 
hypothetical sub-class means having the same A may be taken as 
representing (or more strictly as defining) the average A effects. The 
average B effects may be similarly defined. 

The observed sub-class means are efficient estimates of the hypo- 
thetical sub-class means, and in the absence of any further assump- 
tions the efficient estimates of the average A effects are obtained by 
taking the means of the observed sub-class means for like A over all B 
sub-classes. In the above notation these means are 7}., Yo., etc. 

It may happen, however, that the phenomena we are investigating 
are such that the A and B effects are additive, so that the hypothetical 
sub-class means are of the form 


pta,+B,; r=1,2,...p;s=l,2,... q; 


where » may be called the hypothetical general mean and the a’s and 
6’s the hypothetical deviations due to the treatments, these being 
subject to the relations 


aitaet ... +ap=0, 
Bit+Be+ ‘as +6,=0. 


In this case the differences of 7;., y2., etc., though still unbiased 
estimates of the average A effects (which now correspond to the differ- 
ences of a;, a2, etc.), are no longer efficient estimates. Efficient esti- 
mates are given by the method of maximum likelihood, which is here 
equivalent to the method of least squares. 

In certain cases it is possible to say definitely, from the nature of the 
experimental material, that the additive law holds, but more frequently 
the additive law must be regarded as a possible descriptive law, which 
is essentially an approximation to some more complex law. We may, 
however, be prepared to assume that the departures from the additive 
law are negligible on the ground that they are small in comparison 
with the errors of the data. 

Departures from the additive law are generally termed interactions. 
The significance or otherwise of the interactions as a whole may be 
tested by finding the residual variance between sub-class means 
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after fitting constants representing additive effects and comparing 
with the variance within classes. This, of course, does not provide 
any absolute criterion as to whether the assumption of negligible in- 
teractions is justified, but it is a useful indication. 

Tests of significance of the average A effects are different according 
as the interactions are assumed non-existent, or not. If the assump- 
tion is made the fitted constants must be tested for significance, in 
the ordinary manner of the method of least squares; if the assumption 
is not made then the method of weighted squares of means described 
in the next section can be used. 


METHOD OF WEIGHTED SQUARES OF MEANS 


The appropriate procedure for the analysis of variance of a single 
classification with unequal numbers in the various classes has been 
described by Fisher ', § 44. Suppose that the class totals and means, 
and numbers of observations in each class are given by Table II. The 











TABLE II 
Class Ai A: . . ° . ° ° . Ap All 
, cckceavivetnddeessseceraeas Syn Le Sy 
ee "i as + « *\ - <« 2 ae y 
Number of observations. ................ ni ee <b, tee ks ee Np N 














total sum of squares is SS(y—y)*, corresponding to N—1 degrees of 
freedom, which can be split up into p—1 degrees of freedom involving 
comparisons between the class means, and N —p degrees of freedom 
involving comparisons within each class only. Class A; contributes 
n,—1 degrees of freedom to the latter, and the corresponding sum of 
squares is clearly S(yi—¥y:)?, the total sum of squares for the N —p de- 
grees of freedom within classes being 


S(yi— ys)? + S(y2—ys)?+ . . . 
In virtue of the identity 
SS(y—y)?=S(yi— Yr)? + S(y2— Ya)? + « .. +m(Yi—y)*+m(Y2—Y)?*+ «.., 
the remaining portion of the sum of squares for the p—1 degrees of 
freedom can be computed from the formula 
Q=m(Vi-W)?+mY—y+ . .. 
=nyrt+tmye+ ... —Ny’, 


1R. A. Fisher, Statistical Methods for Research Workers, 1925, Edinburgh: Oliver and Boyd. (4th 
Edition, 1932.) 
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which is equivalent to the last set of terms of the identity. When 
M1, M2, . . . are all equal this reduces to the ordinary form used in the 
analysis of variance with equal numbers in the different classes. 

The expression Q, when divided by the number of degrees of free- 
dom, p—1, provides an efficient estimate from the differences of the 
class means of the variance of the individual observations. It will 


hold equally when y;, yz, . . . are any numbers distributed about some 
2 2 

(unknown) mean with variances a . ..., o being also unknown 
m ™|™ 

but 1, m, ... known. We are thus led to the more general case 


where an estimate of a variance is required from differences of a set 
of numbers whose variances are known fractions of that variance. 
From the above expression for Q this is seen to be the weighted sum of 
the squares of the deviations from the weighted mean of the numbers, 
divided by p—1, the weights being equal to the reciprocals of the known 





fractions. If the numbers are wu, tw, . .. and their variances 
a 2. . . . of the general variance o?, the estimate s? of o? is given by 
WwW, We 
Q=(p—1)s*=w,(u—%)*+un(ua—U)*+ . 
=wurtuue+ ... —(wituet .. .)ut, (A) 
where y= iMac wate t aay 
Witt... 


This result is immediately applicable to the analysis of multiple 
classifications. The variances of the marginal means of the sub- 
class means are known fractions of the variance of a single observed 

i 1/1 1 
value, the variance of y;. (Table I) being A = +... et etc. 
ll 12 
Hence the efficient estimate of the variance from the A means of the 
sub-class means is given by the substitutions 


oar Cones xs ’ etc., 
Ww, g mi Ne 
M1 =Yi., etc., 


in the above formula for Q, equation (A). 

This estimate of the variance may be compared with the estimate of 
variance from the variation within sub-classes by means of the z test. 
The latter estimate is obtained by the methods described above appro- 
priate to a single classification, regarding each sub-class as an inde- 
pendent class. It will be based on N —pg degrees of freedom. 

The estimate of variance from the A means of the sub-class means is 














57] The Analysis of Multiple Classifications 57 


based on p—1 degrees of freedom which are independent of (orthog- 
onal to) the N—pgq degrees of freedom within classes, but they will 
be the appropriate set of degrees of freedom for testing the A effects 
if, and only if, they are composed of a set of single degrees of freedom 
which between them contain all the information on the A effects. 

This will be the case unless the interactions are known not to exist 
(or we are prepared to assume their non-existence). In the latter 
event the method of weighted squares of means can only be regarded as 
an approximation to the rigorous method of least squares. The 
approximation will become less close as the class numbers become more 
unequal. 

The method of weighted squares cf means also has additional inter- 
est in a 2Xs table, in that it furnishes a method for computing the 
sum of squares appropriate to the efficient test of interactions. These 
sums of squares can be further used to construct the sums of squares 
required to test the main effects on the assumption of negligible inter- 
actions, or as a check on them. 

We will now apply the method to the data given by Brandt in the 
paper already referred to. These data are reproduced in Table III 
(with the correction of one class number). 

















TABLE III 
Female Male Total 
Breed | 

Log of Log of Log of 
Number | per cent Number per cent Number | per cent 

bacon bacon bacon 

Ne icy alin et 33 .55 89 181.04 122 247.59 
CC ee 51 98.69 141 281.43 192 380.12 
gis denen neecen an 13 25.90 17 34. 30 60.10 
. RRR 4 7.62 9 17.58 13 25.20 
bc cehinnndkasseee 8 14.64 4 8.20 12 22.84 
CO SES 15 28.11 2 64.42 47 92.53 
ST SE ge vccancesees 35 66.90 47 90.52 82 157 .42 
All others......... avon 12 23.32 23 46.70 35 70.02 
Ee ee 171 331.73 362 724.09 533 1,055.82 


























The table of sub-class means is given in Table IV. They are given 
to six decimal places in order that the sum of squares between classes 
may be computed by the products of means and totals (using a work- 
ing mean of 1.9). 

The relative weights of the means of the sub-class means are ob- 
tained from the reciprocals of the sub-class numbers, Table V. That 
for Hampshire, for instance, is the reciprocal of Fe: ++) or 96.29. 
These weights are given in the last column of Table V. 
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TABLE IV 
Unweighted : 

Breed Female Male eam Difference 
neh ach he anliah ee cumanare 2.016667 2.034158 2.025412 0.017491 
oa iar aires bene aan ee 1.935099 1.995958 1.965528 0.060859 
ce id nied bee ewkn wen deme aaa 1.992307 2.011765 2.002036 0.019458 
i Seanad wie Sain ea 1.905000 1.953333 1.929167 0.048333 
a aaa india carck ncmarionins 1.830000 2.050000 Si 0.220000 
I Sale a a es aerated 1.874000 2.013125 1.943562 0.139125 
a a ag ka eae ein 1.911429 1.925958 1.918694 0.014529 
TT i Sanaa aoe eike 1.943333 2.030434 1.986884 0.087101 

Unweighted mean................... 1.925979 2.001841 1.963910 0.075862 
TABLE V 
RECIPROCALS OF SUB-CLASS NUMBERS 
Weight 

Breed Female Male Total d uaa 
SELES ea RRY reer OnE EE eee we 0.03030 0.01124 0.04154 96.29 
a ee 0.01961 0.00709 0.02670 149.81 
ea 0.07692 0.05882 0.13574 29.47 
zee ES Rey 0.25000 0.11111 0.36111 11.08 

Re r 0.12500 0.25000 0.37500 10.67 
Poland NS aia is iets dea eedt eg wieder Rea 0.06667 0.03125 0.09792 40. 
a a dn eae ae aes wee 0.02857 0.02128 0.04985 80.24 
in note h bene e ewww wet ea ie eid 0.08333 0.04348 0.12681 31.54 

Ddkuictcddddeedbhesieeenwawe 0.68040 0.53427 1.21467 449.95 




















The primary analysis of variance within and between classes is 
given in Table VI. (The total sum of squares is taken from Brandt’s 

















paper.) 
TABLE VI 
Degrees of freedom | Sums of squares | Mean square z 
NE. oo ccc neeease 15 1.2715 0.0848 0.659 
ss ivehneaceneans 517 11.7427 0.0227 
RE acia Wii aun eebenmeesas 532 13.0142 




















The effects of classification are clearly significant. On examination 
of Table IV it is apparent that sex has produced an effect, the males of 
all eight breeds giving higher values than the females. It is also 
apparent, without further analysis, that there are significant differ- 
ences between the breeds. The estimate of the standard error of the 
Hampshire mean, 2.0254, is V (0.0227/96.29) or 0.0154, and that of the 
Chester White mean, 1.9187, is 0.0168. The difference of the means, 








0.1067, is more than 41% times its standard error V (0.0154?+0.0168") 
or 0.0228. The significance is undoubted, even allowing for the fact 
that we have selected the greatest difference. 


We will, however, 
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work out the sum of squares and mean square attributable to the 
whole 7 degrees of freedom by the method of weighted squares of 
means, both as an illustration of procedure, and in order later to make 
a comparison with the values obtained when interactions are assumed 
non-existent. 

The sum of squares attributable to the whole 7 degrees of freedom is 
computed as follows. The sum of the weights is 449.95, and the 
weighted mean of the means is therefore 


u = (2.025412 x 96.29 + 1.965528 x 149.81+ .. . )/449.95 
= 1.970385. 


Hence the appropriate sum of squares, using the working mean of 1.9, 
is given by 


Q=0.125412? x 96.29 + 0.065528? x 149.81+ ... —0.070385* x 449.95 
= 0.6056. 


It is important, when squaring means instead of totals, to employ a 
working mean somewhere near the true mean, as otherwise small 
inaccuracies in the means due to rounding off will seriously affect the 
result. 

The corresponding mean square is 0.0865 (7 degrees of freedom) 
which when compared with the mean square within classes is quite 
clearly significant. 

The direct effect of sex is measured by the difference 0.075862, and 
the significance of the difference can be tested immediately by means 
of the ¢ test. Referring to the table of reciprocals of the sub-class 
numbers, the variance of the mean of the female sub-class means is 
seen to be 0.68040c?/8?, and the corresponding variance for the males 
is 0.5342707/8?. The estimate of the standard error of the difference 


of these means is therefore 14V (1.21467 X 0.0227) or 0.0207, so that ¢ 
is 3.66 (517 degrees of freedom) and the difference is clearly significant. 

This test can, if desired, be thrown in analysis of variance form, the 
relevant mean square being the square of the difference divided by 
the ratio of its variance to o’, i.e. 0.075862?.8?/1.21467, or 0.3032. 

It remains to test whether there is any interaction. In the absence 
of any interaction the variation between the differences of the male and 
female sub-class means given in Table IV will be wholly ascribable to 
error, and in any case the differences of these differences provide 
efficient estimates of the interactions when they exist. The method of 
weighted squares of means may therefore be applied to these differ- 
ences, and will provide an efficient test of the significance of the inter- 
actions. The computation proceeds as before, with the exception that 
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the weights are one-quarter of those shown in Table V. The value ob- 
tained for the weighted mean of the differences is 0.053014, and for the 
sum of squares (7 degrees of freedom) is 0.2299, giving a z of 0.185, 
whereas the 5 per cent point is about 0.35. The interactions, there- 
fore, are not significant. 

If the ¢ test were applied to the difference between the greatest and 
least of the differences, the difference would be judged significant. 
Such a test is not valid because the greatest and least values have been 
chosen. The method of weighted squares of means takes into account 
the variation of all the differences instead of only a pair of them. 


TABLE VII 
ANALYSIS OF VARIANCE—INTERACTIONS NOT ASSUMED NON-EXISTENT 








Degrees of freedom | Sums of squares | Mean squares 





Dts ieee h oe cs eiies eaiinaawenin 1 0.3032 0.3032 
a ce a a i ee 7 0.6056 0.0865 
I tcciaind aaathie ia saa eianedn he 7 0.2299 0.0328 














The results are given in Table VII. It should be noted that the 
sums of squares obtained for breed, sex, and interactions do not total 
to the sum of squares for the 15 degrees of freedom between sub- 
classes. The additive property only holds when the degrees of freedom 
appropriate to the testing of the various effects are mutually independ- 
ent (orthogonal). 


METHOD OF FITTING CONSTANTS 


It was pointed out in the second section that the assumption that 
interactions are non-existent is equivalent to the assumption that the 
hypothetical sub-class means are additive functions of the constants 
u, a, 8. This is the assumption which Brandt implicitly makes in his 
discussion of the analysis of a 2s table, for he uses the fact that the 
marginal totals of a table constructed from the estimates of the 
constants must be identical with the actual marginal means. 

In the general pXq table the ordinary procedure of the method of 
least squares gives the following equations for m, a,, b,, the estimates 


Of 4, ar, Be. 


— 
™ Nm+N,.a:+N2.a.+ see +N.:b: +N .2be+ +s = SSy 
a) Ni.m+N}.aq; +731); + nibe+ cee = SSy. 


a, Nom +N2.a +nabitnabt ... =SSye. 
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b Nam+nnyaitnndet . .. +Nadbs = SSy.1 
by Nam+nuditnadt+ ... +N 2b: = SSy.2 


The rule of formation is as follows. Write, or imagine written, N 
equations for the N observed values of the form 


Yrs = et Or + Bat Zres, (B) 


where 2,,, is an error term. To form the equation in which m is the 
leading term, sum the squares of the coefficients of » in these N equa- 
tions and the products of these coefficients with the corresponding 
coefficients of a:, a2, . . . Bi, 82, . . . in turn. In this case the coeffi- 
cient for « is always unity so the first sum is N, the coefficient of a is 
unity in the N;. equations for the observations in all A; classes, and 
zero elsewhere, so that the sum of the products is N;.,andsoon. These 
sums give the coefficients of m, a), de, . . . b:, be . . . in the first 
equation. The numerical term is given by the sum of the products of 
each observed value with the coefficient of u in the corresponding equa- 
tion (B), and thus for the first equation by the sum of all the values. 
The other equations are formed in the same manner. The whole set 
of equations gives the values of yu, the a’s and the #’s which make the 
sum of the squares of the error terms z,,; a minimum. 

Only p+q—1 of the above p+q+1 equations are independent, the 
equation with leading term m being the same as the sums of all the 
equations with an a as leading term, and of all the equations with a b 
as leading term. 

The solution is best effected by eliminating the b’s or the a’s (which- 
ever are the more numerous). From the }, equation 


Nb; = SSy..— Nam — ny; — N12 — a (C) 


Using this and the corresponding values for the other b’s we obtain on 
substitution in the a equations and some simplification 


2 2 
(x,t mt) (atta ymane, a 











Nu Nw Nu Nea No 
= S8y:. ——S8y.1—— SSya——"SSya . . « (D) 
el N 2 3 
The a equations are now in the most convenient form for solution, 
a, being eliminated by means of the identity a,+a.+ ... +a,=0. 


Only p—1 of the equations (D) are independent, the p* being derivable 
from the sum of all the others. This provides a check. The values 
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of m+b:, m+be, . . . can then by derived from (C) by substitution 
and finally m determined from the identity b:+b.+ ... +b,=0. 
The formation of the a equations is facilitated by the construction 


Ni Ny Na 


ee Key - 
V.’Ne NV. ete he numer 


of a table of the quantities 


ical factors of the a terms can then be obtained as the straight sums of 
products of numbers in this table and the table of sub-class numbers. 

After the values of the a’s, b’s and m have been obtained the reduc- 
tion in the sum of squares due to fitting the constants can be calculated 
as the sum of the products of each constant with the numerical term 
of the equation of which it is the leading term. This includes the 
ordinary correction for the mean. Symbolically 


SSy?—SS(y—Y)?=mSSy+a, SSyi.+ ... +b, SSy.+ ... 


Deducting this, less the correction for the mean, from the sum of 
squares between classes, we obtain the residual sum of squares between 
classes corresponding to (p—1)(q—1) degrees of freedom, which is the 
appropriate sum of squares for testing the significance of the inter- 
actions. 

If there are only two B classes and 1b is substituted for b. (or—b,), b 
will be the efficient estimate of the difference of the two B effects. Re- 
writing equation (D) in terms of b; and b. we obtain after a little sim- 
plification 


N12 NaiNe2 Nine — _ Nane -— — 
+ + ...)o= 20M Gini) + (Y21— Yan) +... 
(2 Nai + Nee MutNw Nai + Nee 








In other words b is simply the weighted mean of the differences of the 
pairs of A sub-class means, and is identical with Brandt’s b. The 
above equation corresponds to his equation (6). 

The a’s and m are given by the equations 


1 


nutne 





m+a, = | $8u + ; (nu — mx | 


etc. These equations give the efficient estimates of the A effects. 
They can be deduced from Brandt’s equations (1) to (4) by the substi- 


tution of m+a,—%b for z, ete. 
In the example on pigs already analyzed the values of the a’s and 6 


were found to be 
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m+ a, = 2.017259 m+ as = 1.912169 

m-+ a2 = 1.967367 m+ ag= 1.959136 

m-+ ds = 1.999799 m-+ a; = 1.915877 

m-+ d4= 1.928267 m+ das= 1.992241 
b= +0.053014 


The discrepancy with Brandt’s value for b appears to be due to a com- 
putational error. It should be noticed that b has already been de- 
termined in computing the interaction sum of squares in the analysis 
by weighted squares of means. 

The reduction in the sum of squares due to the fitting of the con- 
stants, excluding the mean, is 


2.017259 X 247.59 + 1.967367 < 380.12+ ... 
+ 1440.053014(724.09 —331.73) — (1055.82)?/533. 


In order to avoid the necessity of using an excessive number of 
decimal places it is better to employ a working mean of 1.9, as before, 
when the reduction in the sum of squares becomes 


0.117259 X 15.79+-0.067367 X15.32+ . . . +340.053014(36.29 — 6.83) 
— (43.12)?/533 = 1.04146. 


It remains to determine the appropriate test of significance for the 
sex and treatment effects separately. In these tests we differ from 
Brandt, who deduces formulae from those applicable to equal class 
numbers. These formulae do not appear to be correct, except that 
for the interaction sum of squares. The disagreement of his value for 
the interaction sum of squares in the numerical example with the one 
given below appears to be due to a misinterpretation of the formula. 
The computation is also at fault in that the additive property of the 
various sums of squares is assumed; this does not hold. 

The general rule applicable to any groups of fitted constants is to 
find the part of the sum of squares accounted for by fitting all the con- 
stants and deduct from it the part of the sum of squares accounted for 
by fitting all the constants except those to be tested. In the case of a 
double classification there is no difficulty in computing the latter sum 
of squares, even when each classification contains more than two 
classes. The sum of squares removed by the b constants alone, for in- 
stance, is the sum of squares obtained from the B marginal totals, 
SSy., ete., it being remembered that these totals include unequal num- 
bers of observations. 

The results in the case of the example already analyzed are given in 
Table VIII. Using Table III, the sum of squares for breed alone is 
given by 
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— (247.59)?+ —— (380.12)?+ ... ———(1055.82)?. 
122 ) 192 ' 533 | ) 


The sum of squares for sex alone can be computed in the same manner, 
or by the simpler expression 


(171 X 724.09 —362 X 331.73)? 























171 X362 X 533 
TABLE VIII 
Degrees of freedom | Sums of squares | Mean square 

Test for breed: 

Wit e oiueea cette ee heweeeA 1 0.4224 

SE ERR ER pee eee 7 0.6191 0.0885 

Sex and breed (constants).............. 8 1.0415 
Test for sex: 

bens cae aeheuianaseena 7 0.7253 

a te ia geld ac inieh hn Svs dae bedi i OWN 1 0.3162 0.3162 

Sex and breed (constants).............. 8 1.0415 

6G cnad sane dens ceawavewns 7 0.2300 0.0329 

i 6 cc ccuhemmnen tewewwes 15 1.2715 

















Comparing this with Table VII it will be seen that there is little 
material difference between the mean squares obtained for breed and 
sex by the two methods. The interaction mean square is the same by 
both methods, as indeed it should be, being based on the same assump- 
tions. The two methods of computation provide a valuable check. 
The sum of squares due to sex can also be obtained directly. It is the 
square of b multiplied by its relative weight, 112.49. 


PROPORTIONATE CLASS NUMBERS 


If the class numbers may be represented as the product of two num- 
bers, one, h, depending on the A classification and the other, k, on the B 
classification, so that n,,.=h,k,, they are styled by Brandt proportion- 
ate, since the relation 7,;/Nu=Ms:/%su holds generally. 

In this case means of the A marginal totals of the table of sub-class 
totals are efficient estimates of A effects averaged over any class 
numbers in the B classification proportional to the actual class num- 
bers, whether B effects or interactions exist or not. These totals will 
not contain equal numbers of observations, but the sum of squares 
appropriate to testing the A effects may be computed by the method 
already described for a single classification with unequal numbers in 
the various classes. 

The B effects may be estimated and tested in a like manner, and 
finally the interactions may be tested for significance by deducting 
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the two sums of squares already obtained from the total sum of squares 
between classes, since in this case the three sums of squares, for A 
effects, B effects, and interactions respectively, are additive. 


ANALYSIS OF A 2X2X2X ... TABLE 


On the assumption of negligible interactions the efficient estimate of 
the sex effect in the 2 Xs table was seen to be the weighted mean of the s 
differences of the pairs of sub-class means for the s treatments. All 
the main effects of a2x2xX2x .. . table can be estimated and tested 
by such weighted means, the ¢ test being used. If the interactions are 
not assumed negligible then the unweighted means of the differences 
must be taken. The individual interactions can be tested by un- 
weighted means in the same manner. 


APPROXIMATE METHOD OF ANALYSIS 


The variance of any sub-class mean is o?/n,,. If the differences be- 
tween the various class numbers are ignored, all the sub-class means 
being assumed to have a variance equal to the mean of all the true 
variances, the methods appropriate to the case of equal class numbers 
may be employed. This approximation is only useful when the class 
numbers do not differ very greatly. 

Table IX shows the results of applying this method to the pig data. 
The mean variance of the sub-class means is 0.075920? (Table V). 
Analyzing Table IV as if it were an ordinary 2X8 table with a single 
value in each sub-class, and dividing the sums of squares obtained by 
0.07592, Table IX is obtained. 

TABLE IX 








Degrees of freedom | Sums of squares | Mean square 





0.3032 0.3032 





cache eeeewedhcnee seesedenenaee 1 
ee ada gn ease eeuineeienicon as 7 0.2635 0.0376 
i ivcceestnvnbdesecaeenaneueen 7 0.2387 0.0341 
a ena seat aka Soir ania 15 0.8054 

















Comparing these results with those of Table VII and Table VIII, 
it will be seen that the sum of squares due to sex is the same as that of 
Table VII, as it should be. The effect of breed, however, is very seri- 
ously underestimated. The sub-class numbers are in fact too unequal 
for this method to give even a tolerable approximation. 


SUMMARY 


The methods of estimation and tests of significance of the main 
effects of a two-way table differ according as to whether interactions 
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are, or are not, assumed non-existent. If the assumption is made the 
method of fitting constants provides efficient estimates and efficient 
tests of significance. If it is not made the sub-class means provide 
efficient estimates, and the method of weighted squares of means effi- 
cient tests of significance. 

The method of fitting constants also provides efficient tests of the 
interactions. The method of weighted squares of means provides 
efficient tests of the interactions in the special case of a 2s table, 
giving a check on the constants. 

If the class numbers are proportionate only slight modifications are 
necessary in the methods of analysis appropriate to the case of equal 
class numbers. 

In the case of a2X2X2xX .. . table all estimates and all tests of 
significance may be made very simply whether interactions are as- 


sumed non-existent or not. 
Tables with only slight inequalities in the class numbers may be 


analyzed by an approximate method based on the assumption that the 
variances of all the sub-class means are equal. 
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MEETING OF THE INTERNATIONAL STATISTICAL 
INSTITUTE AT MEXICO CITY 


By Water F. Wiiuicox 


The International Statistical Institute was founded in 1885 and 
since then has met biennially except between 1913 and 1923; its first 
session in a Latin-American country was held at Mexico City, October 
10-14, 1933. Thisspecial or extraordinary meeting celebrated the 100th 
anniversary of the founding of the Mexican Society of Geography and 
Statistics in April, 1833. The Mexican Society thus is six years older 
than the American Statistical Association and a little older than the 
Royal Statistical Society. Its centenary was observed on October 16 
by a luncheon and evening meeting, the latter devoted to commemora- 
tive speeches and addresses of felicitation and marked by the conferring 
of honorary membership in the Mexican Society upon the foreign dele- 
gates who attended. 

The session of the Institute, which was supported by a generous 
subvention from the government of Mexico, opened with a meeting of 
formal welcome held in the Chamber of Deputies under the presidency 
of the Minister of National Economy; the business sessions were held 
at the Palace of Fine Arts. The foreign members included, from the 
United States, Messrs. Davis R. Dewey, Irving Fisher, J. A. Hill, 
Carl Snyder, W. F. Willcox, and, from Canada, R. H. Coats. Mem- 
bers attended also from Austria, Belgium, Egypt, England, France, 
Germany, Greece, Hungary, Irish Free State, Italy, Japan, Nether- 
lands, Poland, Spain, Sweden and Turkey. Delegates not members of 
the Institute but drawn in most cases from the diplomatic corps at- 
tended also from Bolivia, Brazil, Colombia, Costa Rica, Cuba, Czecho- 
slovakia, China, Dominican Republic, Guatemala, Honduras, Nica- 
ragua, Panama, Peru, Salvador, and Venezuela, so that 33 countries 
in all were represented, 18 of them by members of the Institute. There 
were delegates also from the League of Nations, the International 
Labour Office, and the International Institute of Agriculture. 

Papers were presented from the United States by F. L. Hoffman on 
the ‘Cancer Statistics of Mexico, 1922—1930,”’ by Raymond Pearl on 
the ‘‘ Frequency of the Use of Contraceptive Methods and their Effec- 
tiveness as Used by a Sample of American Women,”’ by W. F. Willcox 
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on ‘‘Progress in the Vital Statistics of the United States,’”’ by Joseph 
A. Hill on the ‘‘Census of Distribution in the United States,” and by 
Irving Fisher on the ‘ Debt Deflation Theory of Great Depressions.”’ 
Dr. Hoffman’s paper was related to one by Dr. Boehmert, Director of 
Statistics of Bremen, on International Cancer Statistics, the latter a 
development of his previous paper at Madrid. Its discussion ended in 
the appointment of a committee on international cancer statistics, 
with Dr. Willcox as the American member. The discussion on Dr. 
Hill’s paper resulted in the appointment of a committee to study 
statistical methods of obtaining information in different countries 
about distribution. 

None of the 34 papers presented aroused a warmer discussion than 
that by Professor Irving Fisher on the Debt Deflation Theory of Great 
Depressions. The section, and later the assembly, finally decided to 
reorganize a committee on economic forecasts, the chairman of which 
had recently died, to refer Professor Fisher’s communication to it and 
ask it to pay especial attention to the following problems: 

(a) Defining the statistical tests of economic equilibrium and dis- 
equilibrium; 

(b) Establishing statistical tests of overproduction and underpro- 
duction, overconsumption and underconsumption, productive ca- 
pacity, overcapitalization and undercapitalization, oversaving and 
undersaving, overexpenditure and underexpenditure, and other forms 
of disequilibrium, particularly those connected with overindebtedness; 

(c) Formulating statistical methods for studying the international 
aspects of the business cycle, the commission being left free to examine 
the question in its relation to the réle of monetary standards. 

As statisticians in the United States hold different opinions on several 
of these points three members from that country, Professor Fisher, 
Professor Mitchell and Dr. Snyder, were put on the committee. Its 
chairman is Professor Pribram of Vienna, Geneva, and Frankfurt, who 
will be in the United States, it is understood, during the next two 
years. 

The desire with which members of the Institute went to Mexico 
that the visit would give them an insight into the statistical problems of 
a part of the world about which few of them knew anything was met 
through the presentation of papers, “On the Statistics of the Mexican 
Agrarian Reform” and “On Racial Classification in the Registration 
Statistics of Latin America,’ both by Secretary General Bojorquez, 
Secretary of Labor, who was aided with the former paper by the head 
of the division of economic statistics and with the latter by the head 
of the census division in the central statistical office. Papers were 
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presented also on ‘‘ Demographic Conditions in Mexico in the Sixteenth 
Century” by Dr. Camivetto of the University of Rome, and on the 
“History of Agricultural Statistics in Mexico” by Assistant Secretary 
Fernandez of the Organizing Committee. 

During the four days of the working sessions welcome opportunities 
for getting acquainted with the people and the country were afforded 
through many social functions, including a presentation to the Presi- 
dent of Mexico, receptions by the Secretary of Foreign Affairs and the 
Secretary of National Economy, and luncheons by the Secretary of the 
Interior, the Secretary of Agriculture, the Head of the Department of 
Public Health, and the Head of the Federal District. 

The ten days after the sessions closed introduced the visitors to 
many of the beauty spots by which the City of Mexico is surrounded. 
On Sunday, October 16, there was an excursion of fifteen miles to 
Xochimilcho, the place of flowers, or, as it has been called, the floating 
gardens, a favorite resort of Aztec nobles before the conquest. On 
Tuesday and Wednesday there was a motor car excursion to the moun- 
tain and mining town of Taxco, where the party enjoyed an open-air 
luncheon given by the local committee, and then back as far as Cuerna- 
vaca for the night. On Thursday there was another motor excursion, 
this time to the crater of Toluca, several thousand feet above Mexico 
City, where again the local committee provided a luncheon. These 
two trips revealed to the visitors how justly the region in Mexico 
around the capital may be compared with Switzerland. 

This was followed by another motor trip to the “City of the Gods” 
where the Aztec pyramids were a revelation of the power and the 
mystery of the pre-Columbian civilization in the Valley of Mexico. 
Sunday was spent at the gold and silver mines at Pachuca and Tuesday 
at Puebla, followed by the beautiful mountain ride down to Vera Cruz. 
Wednesday most of the travellers started back together for New York 
filled with wonder over the unsolved riddles of the country’s history, 
with delight at the natural beauty and majesty of its scenery, and 
with appreciation of the charming hospitality of its people. 
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A COEFFICIENT OF “COMBINED PARTIAL CORRELATION” 
WITH AN EXAMPLE FROM SOCIOLOGICAL DATA 


By Samus: A. Srourrer, University of Wisconsin 


Occasionally, there is need for a measure of correlation which seeks to 
show the combined relation between a dependent variable and two or 
more independent variables, after one or more other independent vari- 
ables are ‘‘held constant” by partial correlation. For example, if one 
is studying juvenile delinquency in a city’s census tracts, one may wish 
not only to appraise the relationship between juvenile delinquency and 
the percentage of native whites, holding various economic indexes 
“constant,” but, in addition, may wish to appraise the combined rela- 
tion between juvenile delinquency and all of these economic indexes, 
holding percentage of native whites ‘“‘constant.’’ It may be that one 
has two or three series of indexes of economic conditions in the tracts, 
such as median rental, unemployment, or dependency rates. 

While the procedure doubtless has been used frequently before, 
especially when the variable to be ‘‘partialled out” is the trend of a 
time series, and while there can be nothing new about the concept 
mathematically, the writer has not seen it explicitly recorded that the 
measure of what is here called “‘combined partial correlation” is ob- 
tainable directly by a simple extension of the usual correlation theory.’ 

The problem is simply that of finding the multiple correlation be- 
tween one dependent variable and s—1 independent variables, when 
n—s variables are held “‘constant.”’ 

Consider 1, v2, . . .v; . . . 0s, each of which is a corresponding 
deviation from a different regression plane, such as X;=f(X.41, X42, 

. X,). Then, as is evident from the usual correlation theory, the 
squared multiple correlation coefficient of these residuals, may be 
written 


Ro, (ges ») =1—(1 —F'o,v:) (1—r co) (vy) see (1—r'ep (mgs o—1))- 
If the plane X;=f(X.41, Xei2, . . . Xn) is of the type 
X =o +O X 44.142 X 42 ‘+ * +b,-.Xn, we have 


1 Mordecai Ezekiel has treated what at first sight may be thought to be an analogous problem. He 
seeks the relationship between (X:—bu, 1X2) and X3 and X4, thus obtaining the correlation between one 
variable and two others, after eliminating from the dependent variable that part of its variation imputed 
(by the analysis) to a single one of the independent variables. For the formula and discussion see 
Ezekiel, Methods of Correlation Analysis, p. 185, and for the derivation see ibid., appendix, pp. 383-4. 
Upon examination it will be observed that the aim, approach, and results are quite different from those 
submitted in the present paper. 
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7 v.05 = P7212) (atl) #42) + + + @)- 
P< o,03) (oy) = 7713) (2) atly a2) + + + nn) 
Toa) (m+ + * ny) =P 1) (23 + + + gly atly + + + me) 
Hence R?,,,) «, - - + v), Which may be written as 
R? 103 + + + 8) (atly at2y + + + ny 
=1—(1—Pr as (atl) 842) ++ > ee (l—Pras (23 + + + ely etly > + + ny). 


The order of the subscripts in the factors of the right hand side may be 
altered to provide a numerical check. 
If there are only four variables, R*1.23.4=1—(1—r*w24) (1—r*1s-24) 
may be written 
7 19-4-F 77 13-4 — 20 12-47 13-47 28-4. 


1— 7703.4 


An example: From 184 census tracts in Cleveland, Ohio, where X,= 
log juvenile delinquency rate, X:.=log unemployment rate, X;=log 
dependency rate, and X,= percentage of native whites, we have rx«4= 
+ .5396 and rj3.24= +.4489, whence Rj.23.4, the combined partial correla- 
tion between delinquency and the indexes of economic conditions in the 
tracts, ‘‘holding constant” percentage of native whites, is .58. The 
point of interest may be the comparison between Rj.23.4 and r14.23, the 
latter being almost zero (—.04, although ri, was —.51).! 

Another type of situation in which the above formulas may be 
particularly useful arises when there are, let us say, three variables and 
there is some good reason to believe that X, and X; are parabolic func- 
tions of X2. Any power of X: may, as is well known, be treated as an 
additional independent variable, which we may call X,. Hence the 
combined partial correlation between X ; and the first and second powers 
of X2, holding X; ‘‘constant,’’ may be found directly from 


R?,.24.3=1— (1 —r*19.3) (1—r? 14.23). 


The estimate of the sampling variance of Ries . . ~ 4) (e+) 042) + = 
n) possibly would be about the same as that of Ries . . . ,) after mak- 
ing allowance for the degrees of freedom involved in removing the 
variables held ‘‘constant.”” It would be valuable to investigate this 
sampling distribution, if it has not already been studied. 

1The writer is indebted to Henry D. Sheldon, Jr., post-graduate research fellow in sociology at the 
University of Wisconsin, for the data from which this illustration is constructed. The data will appear 
in detail in a study soon to be published by Dr. Sheldon. 1.23.4 and ru.zs may be compared in the 


same way as any two partial correlations (except for algebraic sign). Perhaps R*.2.4 and r%4.23; or 
1—-V1—Ri.a4 and 1—4+/i—riy.3; provide better comparisons. 
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BI-CENTENARY OF THE NORMAL CURVE 


By Heten M. Watker, Teachers College, Columbia University 


Exactly two hundred years ago, on November 12, 1733, the equation 
of the curve of normal probability was first committed to writing. 
Because of the great importance and widespread use of this curve in 
modern statistical work, it is appropriate on the occasion of its bi- 
centenary to present a brief account of the circumstances of its origin. 

The discoverer of the law of error, now commonly called the normal 
law, was Abraham De Moivre! (1667-1754) friend of Newton and 
Halley, who being a French Protestant had, when a young man, emi- 
grated to London after the Edict of Nantes was repealed. In spite 
of his remarkable and generally recognized ability in mathematics, 
De Moivre’s foreign birth prevented his securing a university professor- 
ship, neither Newton in England nor Leibniz and Bernoulli on the 
continent being able to procure for him this much-desired position. 
Consequently he was obliged to eke out such a living as he could tutor- 
ing the sons of the wealthy, and, in the mere physical labor of walking 
about London to reach their homes, squandering the strength which 
might have enriched the world’s knowledge of mathematics. In addi- 
tion to this, he supported himself partly by solving problems. Now 
in that day, the men who had mathematical problems for whose solu- 
tion they were willing and able to pay were the gamblers, who needed 
to know how much it was safe to risk on a particular play. In the 
leisure which remained to him, De Moivre made significant contribu- 
tions to mathematical theory, particularly to work on infinite series, 
the binomial theorem, trigonometry, probabilities, and annuities. 

Out of intensive work on the binomial theorem and his interest in 
the problems of the gambler, De Moivre discovered, probably about 
1721, a formula for the ratio of the middle term of (1+1)* to the sum 
of all the terms, when n is very large. When his notation is changed 
into symbols familiar today, we see that his relation means that 





= ———. Expressed in his own words 
Yo o/2r p ’ 

It is now a dozen years or more since I had found what follows: If the Binomial 
1+1 be raised to a very high Power denoted by n, the ratio which the Middle 
Term has to the Sum of all the Terms, that is to 2*, may be expressed by the 

; (n—1)* ‘ ; é; 
Fraction 2A whan’ wherein A represents the number of which the Hyperbolic 
1 For a more complete biography, see a paper by the present writer in the current issue of Scripta 
Mathematica. 
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1 1 1 1 
Logarithm is — ———- + —— —-—— . but th tit —1l)* 
gari is 5 360 * 1260 i680’ °” ut because the Quantity (n—1)* or 
(1—2)» is very nearly given when n is a high Power, which is not difficult to 
prove, it follows that in an infinite Power, that Quantity will be absolutely 
given, and represent the number of which the Hyperbolic Logarithm is —1; 

. and now suppose that B represents the Number of which the Hyperbolic 
1 1 


1 1 
4 4 —e ina on t E . oi . . 
Logarithm is 1 127 3 12 + " etc. that Expression will be changed into 


57: When I first began my inquiry, I contented myself to determine at 
large the value of B, which was done by the addition of some Terms of the above 
written Series; but as I perceived that it converged but slowly, and seeing at the 
same time that what I had done answered my purpose tolerably well, I desisted 
from proceeding further, till my worthy Friend Mr. James Stirling, who had 
applied himself after me to that inquiry, found that the Quantity B denote the 
Square-root of the circumference of a Circle whose radius is Unity, so that if the 
circumference be called c, the Ratio of the Middle Term to the Sum of all the 


2 
Terms will be expressed by wane 


Having found the equation for the ordinate at the origin, De Moivre 

then found a general equation for the curve, equivalent to the equation 
—z? 

y=ye”. In his notation | is used instead of z, and n=40?. In 
his own words, ‘‘I conclude that if . . . (mn) be a Quantity infinitely 
great, then the Logarithm of the Ratio, which a Term distant from the 
—2l,, 

aor 

In addition to finding a mathematical statement for the curve of 
error, De Moivre computed the percentage of the area between +¢ and 
—o, estimating this to be 0.682688, instead of 0.682689. This is 
amazing accuracy in view of the fact that he worked by a mechanical 
process of quadratures. He also gave 0.707c, or in his notation 





middle by the Interval / has to the Middle Term, is 


. so 
gv 2m as an approximation for the value we now call the probable 


error, namely 0.67449c. 
There can be no question but that De Moivre knew the fundamental 


mathematics of the normal probability curve. He had, however, not 
the slightest notion of using it in connection with statistical data. 
He was a pure analyst, with no interest in experimental manipulation 
of any sort. He did not weigh nor measure nor tabulate. He does 
not appear to have employed empirical data as a check on theory 
except in his work on annuities, nor to have thought of asking his 
gambling friends to submit to him the results of a series of games. 
Jacques Bernoulli, who died in 1705, had announced the astonishing 
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idea that the theory of probability had important applications in the 
moral and economic realms. Unfortunately Bernoulli did not live 
to complete this section of his Ars Conjectandi, which was published 
posthumously in 1713 under the editorship of his nephew, Nicolas 
Bernoulli, and the latter attempted to interest De Moivre in taking 
up that unfinished portion. But De Moivre preferred to work in pure 
analysis, rather than in applied fields. 

De Moivre himself seems not to have thought of this bit of algebra 
as more important than the many other exercises in probability he 
developed. Apparently it attracted no attention, and had no effect 
upon subsequent developments in probability and statistics, remain- 
ing unknown until 1924, when Karl Pearson discovered it in the library 
of University College, London.! Here he found a seven-page Latin 





treatise “‘Approximatio ad Summam Terminorum Binomii a+b _ in 
Seriem expansi,” dated ‘‘Novemb. 12, 1733,” bound as a second sup- 
plement in a copy of the Miscellanea Analytica published in 1730. 
Only one other copy of this has been reported, a second having been 
discovered by R. C. Archibald of Brown University in the Preussische 
Staatsbibliothek in Berlin. De Moivre, however, published his own 
English version, somewhat enlarged, in the 1738 edition of his Doctrine 
of Chances. 

The actual statistical use of the normal law begins with the work 
of the great mathematical astronomers who lived at the beginning of 
the 19th century, chiefly Laplace (1749-1827) and Gauss (1777-1855), 
each of whom derived the law independently and presumably entirely 
without knowing of De Moivre’s treatment. The first tables of the 
probability integral were published in 1799 in a book on the refraction 
of light, by a French physicist named Kramp. The term probable 
error (der wahrscheinliche Fehler) was used by the German astronomer 
Bessel (1784-1846) in 1815 in a paper dealing with the position of the 
pole star.2, The idea that the curve could be used to describe data 
other than errors of observation in the physical sciences originated with 
the great Belgian statistician, Adolphe Quetelet (1796-1874), who 
first popularized the idea that statistical method was a fundamental 
discipline adaptable to any field of human interest in which mass data 
were to be found. Quetelet believed that data from anthropometry, 
economics, criminology, the physical sciences, botany and zodlogy 
were all fundamentally “normal” in distribution, and the numerical 
data at his command were not sufficiently extensive or precise to 


1 See his ‘‘ Historical Note on the Normal Curve of Errors,” Biometrika, xvi (1924), pp. 402-404. 
? For further discussion of these points see Walker, Studies in the History of Statistical Method (1929). 
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enable him to test that assumption. He was convinced that the 
measurement of mental and moral traits waited only for the collection 
of sufficient and trustworthy data, and that when such measurement 
was feasible, the distribution of these traits would be found to be in 
accordance with the law of error. It is not quite certain who is respon- 
sible for the unfortunate adjective ‘“‘normal.”’ Francis Galton (1822- 
1911) used the term, but whether he originated it or found it in the 
writings of Quetelet is not yet ascertained. The term has probably 
misled a good many people into supposing that the curve of proba- 
bility is the expected form for the distribution of all human traits. 

Looking back now across two centuries, it is pleasant to imagine 
De Moivre and a group of his friends gathered about the table in 
Slaughter’s Coffee House, at the upper end of St. Martin’s Lane, in 
London, to which he commonly repaired when his day’s work was 
over. He is “imparting privately to some friends” a discovery re- 
garding the binomial (1+1)*, interesting, of course, to this group of 
mathematicians but not supposed even by the speaker to have any 
practical applications outside the realm of games of chance. And we 
like to imagine the astonished incredulity with which they would have 
greeted a prophecy that there would come a time when that theorem 
would powerfully affect the thinking of the world on all its social 
problems, when it would enter the schools and shape the policies of 
educators, and when its aid would be invoked in thousands of investi- 
gations in sciences whose very names were then unknown. 
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A COEFFICIENT OF INDEPENDENT DETERMINATION ! 


By Tuomas C. McCormick, University of Arkansas 


The purpose of this paper is to call further attention to the problem 
of developing and adopting a single effective and consistent coefficient 
of separate determination as a very real present need of refined quanti- 
tative social research. A variety of coefficients of diverse meaning are 
now used which give unlike values, so that in the solution of any prob- 
lem not only the values but the ranking of the independent variables 
may differ according to the coefficient chosen. Also, no coefficient has 
yet been proposed that is entirely satisfying, or enough better to be 
generally preferred over the others. The following attempt by the 
writer to derive still another coefficient in the hope of avoiding some of 
the objections to existing coefficients is given merely as a first suggestion 
for further analysis and testing, and not as a proven device recom- 
mended for use.? 

A major defect in all current coefficients of separate determination 
is that none of them has the same meaning as 72, which shows the per- 
centage of the total variation in a dependent factor that is associated 
with an independent factor. In the effort to obtain a coefficient that 
would have this simple and consistent meaning, it was found necessary 
to remove the influences of extraneous factors from the independent 
rather than from the dependent factor of the pair to be correlated. 
This reverses the usual practice, which is apparently based on the logic 
implied in the definitions of independent and dependent factors. But 
what it is here proposed to remove is only the correlation between the 
independent variables as they occur in the record, which in no way af- 
fects the validity of treating them as independent variables with respect 
to a common dependent variable. 

It is also desirable to secure a coefficient that does not allocate joint 
determination—i.e., that does not arbitrarily divide among the inde- 
pendent factors that part of their influence upon the dependent factor 
which they have only when in combination, or which cannot be divided 
logically—a principle that some of the present coefficients disregard. 
A new coefficient should also if possible be less laborious to calculate 
than those now in use. And finally it should possess satisfactory sta- 

1 Research Paper No. 330, Journal Series, University of Arkansas. 
2 For previous work on coefficients of separate determination, see Sewall Wright, ‘Correlation and 
Causation,” Journal of Agricultural Research, Vol. 20, No. 7, pp. 557-585; and H. R. Tolley, contained 


in “ Adjusting Hog Production to Market Demand,” by F. F. Elliott, University of Illinois Agricultural 
Experiment Station Bulletin 293 (1927), pp. 554-557. 
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bility from sample to sample. It is believed that the “coefficient of 
independent determination,’”’ denoted by the letter 7, meets all of these 
requirements except the last, for which it remains to be tested. Its 
derivation follows: 

= 23.403 t+ bos. 

Ua — Lo = 2= Lo — bag.4ls — boa. 

T= Z2— be3.4%3 — bo4.34 

S2?, = S21L2 — bo3.482123 — bog.gS2ira 
(1) 112-34 = o*x,/o°x, on Sz?,/Sz2’, = (S21L2— be3.482123 — bos.3S2124) / Sz", 
(2) bes.4 = [S2er3Sx* = S2otySx324]/[Sx*3Sx*4 need (S23x4)?] 
(3) begs = [SxerqSx?s — Sror3Sr9x4]/[Sx*sSx*,— (Sxsx4)*] 

The 7’s are related to the Betas according to this equation: 


(4) ti2-3/t1s—-2 = (Bi2-3) (ox,) / (Bis-2) (ox,) 

A four-variable problem described in Chapter 13 of Ezekiel’s Methods 
of Correlation Analysis gives comparative values as in Table I for the 
several kinds of coefficients of separate determination. 


TABLE I 


COMPARATIVE VALUES OF DIFFERENT COEFFICIENTS OF SEPARATE 
DETERMINATION IN A SELECTED FOUR-VARIABLE PROBLEM 








Dependent variable, farm income (X:) 











Independent variable riz. etc.| srt etc. | fis. etc. | du.swsetc. | tia etc. ras etc. 
BU GE so cc cncceccvsnss .07 45 -16 .003 02 ra = .62 
Ct 65 380ebesesnee .64 .81 . 86 .63 .08 ru = .62 
PED GPs cc ccnsscsvescess .05 .29 .08 17 004 ru =.10 
Bh Kids Kenheeneeeoawans -76 1.55 1.10 .80 .10 
BRM ob cc cscvcesececsess -80 


























It will be noticed from the table that the 7’s agree with all other 
coefficients except the d’s in their ranking of the independent factors; 
but this would not necessarily occur in another problem. The meaning 
of the 7’s, however, is distinctive. Thus, 7:;-2., shows the percentage 
of the total variation in farm income (X,) that is due to cows (X3) cor- 
rected for the influence of acres (X2) and men (X,), and is therefore 
directly comparable with r*,3; and R*,.2, which is not true of the other 
coefficients of separate determination. 

In the above example, since there is considerable correlation between 
the independent factors, the 7’s show lower values than the other co- 
efficients, and add up to only .10, leaving a large joint determination 
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of .80—.10=.70, among the three independent factors. If it is wanted 
to analyze this joint determination further, it may be done by finding 
the values of the 7’s of the first order (Table IT). 


TABLE II 


VALUES OF COEFFICIENTS OF INDEPENDENT DETERMINATION 
OF THE FIRST ORDER 








oo oe ea eh haa tiz-3 ti2-4 t3-2 tis tu tus 
ts devhnnsiweedeawes 15 —.12 .25 .23 .03 .03 


err | Xe, Xa Xe, Xs Xs, Xs Xs, X: Xi, Xs Xu, Xz 








It thus seems that of the various possible adjustments or combina- 
tions among the independent factors, the most important in its effect 
upon farm income (X,) was the combination of cows and men (X; and 
X,) and next was that of cows and acres (X; and X2). 

It may be noticed that one of the coefficients in Table II, 712-4, is 
negative in value. The meaning of this is apparently the same as 
that of a negative ‘‘coefficient of separate determination”’ proper, d, 
regarding which Ezekiel writes: 


Off-hand it seems difficult to explain how the “‘determination” of any variable 
can be less than nothing. . . . The explanation is simple, however. Although 
the total variation in the estimates of the dependent variable is obtained by add- 
ing the contributions from the several independent variables, it does not follow 
that all variations will be influencing the estimate in the same direction at the 
same time—all tending to give low values when the actual value is low, or all 
tending to give high values when the actual value is high. It sometimes happens 
that one variable may tend to work counter to the other variables, usually pre- 
venting the final estimate from going so low as it otherwise would when the gen- 
eral effect is downward, and tending to keep it from going so high as it otherwise 
would when the others are forcing it up. It is under such conditions that nega- 
tive coefficients of separate determination are obtained; they do not mean that 
the variable has no significance, but that its influence is usually exerted counter 
to the influence of other variables.’ 


The ability of a coefficient to yield a negative value therefore adds 


information to the analysis. 
! Mordecai Ezekiel, Methods of Correlation Analysis, p. 381. 
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SOME FUNDAMENTAL FACTORS ENTERING INTO 
THE WEALTH AND INCOME OF THE UNITED STATES 


By L. C. Witcoxen 


Since 1870 both wealth and income of the United States are matters 
of statistical record. The United States Census Bureau has periodi- 
cally made its estimates of wealth, while, more recently, Dr. Willford 
I. King has made those of income. These estimates may be noted on 
Chart ITI. 

Two simple facts make it possible to fit curves to these time series 
based upon the volume of national credit. The first fact is that the 


CHART I 
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money value of national commodity stocks is proportional, roughly, 
to credit volume. The second fact is that national wealth and in- 
come increase at a slower rate than commodity wealth. 

The first of these facts, that commodity wealth increases in propor- 
tion to volume of credit, is shown on Chart I. Curve 1 is time series of 
the index of 784 commodity stocks (1926 base) as compiled by the 
Department of Commerce. Curve 2 is the wholesale commodity price 
index (1923-25 base) of the Department of Labor. Curve 3 is the 
product of 1 and 2 and is, therefore, an index of national commodity 
wealth. The line of circles is the same index computed by merely 
factoring loans of the Federal Reserve Member Banks (in billions) by 
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8.31. The agreement of the latter two indicates that the relationship 
is fundamental. Changes in the industrial and financial habits of the 
country will doubtless change this ratio. Such habits, however, change 


slowly so that it may be expected that the change in the ratio will also 


CHART II 


NATIONAL WEAL * NATIONAL BANK & ONSCOUNTS 


NATIONAL | > NATIONAL BANK & OISCOUNTS 


be effected slowly. The loans of the Federal Reserve Member Banks 
may therefore be taken as a fair index of national commodity wealth. 

The second fact, that national wealth and income increase at a 
slower rate than commodity wealth, may be observed by comparing 
the census estimates since 1900 (Table I). This changing ratio is 


TABLE I 
WEALTH AND INCOME OF THE UNITED STATES 














Commodity Total Ratio of total to 
Date wealth wealth Income commodity wealth 

SE ira eine hnteden snes wd nek sae 30.07 a 6 OCOS 
Rh dinate en nid nie bin eke oad 43.64 ——— £ ‘Sexseee 
ies Med eekuteke ena e itl ethics 65.04 =f Te 
RS adie ea atau peii dam kmaenaa kien 15.17 88.52 17.96* 1: .171 
EE Sata oe ancle del mands Hab éeneeN 18.46  *§ Baer 1: .172 
Ne ia ta ena ain Anita bas aisle as die aie ones a arr 
eee eee 34.33  )§ eee 1: .184 
ERT tele achicha Samia aan aaa ac’ eeee eine a ££ sesaes 
ikdin patent srkwekewnees seen wed nee pa ——— F  sé¢enec 
ee ee ee eee 75.98 320.80 61.19°* 1: .236 
EEE ae cone —— £ # sxeave 
hs ais uidies dean eaneinhs diet | de re 
Scene eena paebimbae aia aae =F ere 
hi itech eden iieak iad anes oni ere 

| Se eee ro | —! errs 
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* Census estimates. 
** King’s estimates. 




















81] Notes 81 


doubtless due to the ever increasing efficiency of our plant and equip- 
ment, a characteristic which may be expected to continue. As this 
rate of change is dependent upon changing national economic efficiency, 
it too should change but gradually. 


CHART III 


WEALTH & INCOME IN BILLIONS 
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The result of the combination of the above is that national wealth 
and income may each be expressed as a function of the credit volume, 
using national bank loans and discounts as the credit index in lieu of 
Federal Reserve Bank loans. The latter for most of the period con- 
sidered were unavailable. This thought is best illustrated by Chart II 
in which the census estimates of national wealth and King’s estimates 
of income are each divided by national bank loans and discounts and 
plotted on semi-logarithmic scale. The formulas of the straight trend 
lines through these points are: 


Wealth (in billions) 


X = 1.634-. 
S Loans (in billions) ae Se 





and 


Income (in billions) 


ST oans (in billions) a 





in which (z) is the number of years elapsed since 1870. 
Chart III shows how these computed estimates fit those made by 
the Census Bureau. 
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Over the shorter periods of time an appreciable lag exists between 
national volume of credit and commodity wealth. In times of rapidly 
changing commodity prices this lag will cause a serious error in the 
computed values of both wealth and income. To eliminate this source 
of error, commodity wealth (the product of commodity prices and 
stocks) have been substituted in the equations for the national bank 
loans factor. 

The modified formulas are:— 


Wealth (in billions) 
‘Com. PricesXCom. Stocks _ 1.256 — .003592 





Income (in billions) 
®-Com. PricesXCom. Stocks 1.978 — 003692 


Both wealth and income beginning with the year 1920 have been 
computed from the above formulas and the results are shown on 
Chart ITI. 

The writer believes that these formulas represent a fundamental, 
though, over long periods, by no means fixed relationship. Results 
computed from them should prove at least as good as those obtained 
by other short cut methods. In addition to calling attention to the 
fundamental nature of wealth and income as measured in dollars they 
may prove serviceable in estimating their current month to month 
changes. This, of course, necessitates the introduction of a seasonal 
factor with the index of commodity stocks. 
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AN OPEN LETTER ON “CAUSE AND CONTROL OF THE 
BUSINESS CYCLE” 


The Editor, Journal of the American Statistical Association 


Dear Sir: 


The review of my book, Cause and Control of the Business Cycle, which ap- 
peared in the June, 1933, issue of this JourNaL has been brought to my atten- 
tion. Professor Hansen’s opinions must have been of real interest to your 
readers, inasmuch as many of them, I happen to know, have purchased the book. 
Because of this fact, a brief discussion of Professor Hansen’s review is in order. 

The opening paragraph of the review leads me to believe that its author and 
myself have somewhat different conceptions of the humility which should char- 
acterize a scientific observer. This difference in viewpoint is of importance in 
that it reveals anew the chief weakness in much of the work done in the field of 
economics. This weakness, as is widely known, is a failure to adhere to those 
basic principles of scientific research which have proved invaluable in other 
fields. Careful observation of facts, adequate definition, and strict logic are all 
essential to the scientific approach. The humility of the scientist should include, 
in my opinion, respect bordering on reverence for these principles. This atti- 
tude necessarily involves championship of the results obtained by application of 
these principles or methods. When Galileo was forced to recant in the presence 
of the ten cardinals, it is said that he muttered at the conclusion of his recanta- 
tion, “Eppur si muove,” a remark which would probably have disqualified him 
as a humble scientific observer, according to the viewpoint of Professor Hansen. 
To me, on the other hand, less respect for facts and logic is arrogance of a most 
obnoxious variety. 

In the fourth paragraph, Professor Hansen suggests, “— it is at any rate clear 
that the ratio of ‘investment type assets’ and ‘savings’ may exactly balance, 
and yet investment and saving, properly defined, may be thrown quite out of 
equilibrium by the banks.” The procedure is suggested above where Professor 
Hansen asserts, “—such banks by expanding or contracting commercial loans 
might cause violent fluctuations in the volume of circulating media.” Now it 
must be admitted that the money-credit mechanism could be so operated, but 
the important questions in that connection are: Is it reasonable to assume it so 
operated? and, Has it been so operated in the past? It is a simple matter, 
albeit somewhat tedious, to demonstrate that operation of the banking mecha- 
nism in this manner would involve widespread and arbitrary disregard of quite 
obvious price relationships by the commercial banker. Although willing to agree 
that bankers as a group have much to learn, the writer is unable to believe that 
they are as lacking in intelligence as Professor Hansen’s supposition implies. 
As for the facts of the past in this respect, the only available data seem to be 
that compiled by myself. Professor Hansen, in his next paragraph, asserts that 
my statistics, “—are of no assistance in analyzing the problem of monetary in- 
stability.” But it does happen that they provide an answer to one of the vital 
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questions raised by his suppositions. So far as I can discover, with the help of 
these statistics, there is no record of operation of the money-credit mechanism 
in the manner which he has suggested. 

Professor Hansen’s disparagement of the value of the data assembled warrants 
further remark. It so happens that the present writer has, in a succession of 
published articles, correctly forecast the major developments of economic im- 
portance since late 1928. Briefly, these predictions with dates of issue were as 
follows: 

November, 1928, that security loans could and would become frozen. 

January, 1929, that credit inflation would bring ultimate collapse. 

February, 1929, that security speculation was more dangerous than the com- 
modity speculation of 1920. 

March, 1929, that commodity prices were headed for pre-war levels. 

August, 1929, that the speculative spree was nearly over. 

November, 1929, that prosperity would not soon return and that hundreds of 
banks would fail. 

May, 1930, that the new construction bootstrap lifting would fail. 

December, 1931, that hoarding, if not offset by Federal Reserve purchases 
would bring further collapse. 

April, 1932, that the low for bonds would be passed by the middle of June if 
the Federal Reserve buying continued. (May 31 was the low.) 

January, 1933, that every bank in the country would have to close if agitation 
for inflation and/or devaluation were continued and strengthened. Note: Ref- 
erences furnished on request. Several other articles might be mentioned but 
these in particular were based on the statistics and analyses summarily dismissed 
by Professor Hansen. 

The above mentioned predictions were correct as events have shown. It is 
therefore easy to compute the probability that Professor Hansen’s estimate is 
correct. If the statistical analysis is “of no assistance” in such problems, chance 
must have favored the present writer to an unusual degree. In fact, the proba- 
bility that ten successive guesses will prove correct is only one in a thousand 
(approximately). In other words, there are 999 chances out of 1,000 that 
Professor Hansen is mistaken. 

It is interesting to note that Professor Hansen asserts, “—in the former period 
(boom) time deposits tend to be transferred to demand deposits, and in the lat- 
ter period the reverse is the case.” Various people have maintained that one 
of the marked features of the last boom was the tendency for bankers to urge 
the transfer of demand deposits to a time deposit status in order to lower reserve 
requirements. In fact, another professor has suggested that this might be a 
weakness in my statistical data. As for my own opinion of this aspect of the 
matter, it seems best merely to suggest that if switches of this kind account 
for any substantial amount of the differential between savings and invest- 
ment shown, it is hard to understand why trend lines of savings fail to reveal 
the fact. 

Professor Hansen apparently does not realize that all the differential between 
savings and investment appears in the banking figures. It is not necessary to 
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deal with total investment or total savings as defined by Keynes for the simple 
reason that it is not the total but the difference between the two which is of 
vital significance. 
Sincerely yours, 
E. C. Harwoop 


EDITOR’S NOTE 


The June issue of this JourNAL will contain a discussion, which as yet has not 
reached final form, of the Harold Hotelling review of The Triumph of Medi- 
ocrity in Business, by Horace Secrist. 


DINNER MEETING IN HONOR OF VISITING MEMBERS OF THE 
INTERNATIONAL STATISTICAL INSTITUTE 


On Wednesday evening, November 1, 1933, a dinner was held in honor of the 
members of the International Statistical Institute visiting the United States on 
their return from a meeting taking place in the city of Mexico. Twenty-nine 
foreign guests representing respectively Austria, England, France, Germany, 
Hungary, Irish Free State, Italy, Netherlands, Poland, Spain, Sweden, and 
Turkey were present. Each guest was assigned to a member of the American 
Statistical Association who acted as host. Two hundred and fifteen persons 
attended the dinner. 

Professor Walter F. Willcox acted as toastmaster. The President, Stuart A. 
Rice, acting on behalf of the American Statistical Association, welcomed the 
members of the International Statistical Institute to the United States. Dr. 
Friedrich Zahn, President of the International Statistical Institute, and also 
President of the Bavarian Statistical Office, responded on behalf of the Institute. 

Sir Arthur L. Bowley, Treasurer of the International Statistical Institute and 
Professor of Statistics at the London School of Economics next followed with a 
description of the survey recently carried out in London for the purpose of 
comparing the economic condition of the people of London at present with that 
which General Booth found to exist in London forty-two years ago. The other 
speakers of the evening were Dr. Michel Huber, Vice-President of the Inter- 
national Statistical Institute and Director of the General Statistics of France; 
Dr. Livio Livi, Professor of Statistics at the University of Florence; and Dr. 
C. A. Verrijn Stuart, Professor of Political Economy and Statistics at the Uni- 
versity of Utrecht. 

Professor A. Velleman of the University of Geneva gave a brilliant English 
translation of the addresses of Drs. Zahn, Huber, and Livi, who spoke in the 
respective languages of their native countries. 

For a record of the addresses given at this dinner, the reader is referred to 
the Revue de l'Institut International de Statistique, 1933, No. 4, (French text). 

Witrorp I. Krna, Secretary 
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INDEX OF POPULATION DATA 


The Census Bureau has recently issued a topical index of the Population Re- 
ports from 1900 to 1930. This index was made up at the solicitation of the 
Committee on Social Statistics of the Social Science Research Council, and its 
publication in lithoprinted form was made possible by a grant of funds from 
the Institute of Social and Religious Research. The material is arranged topi- 
cally rather than alphabetically because of the complicated nature of the popula- 
tion classifications and their numerous interrelations. Specific references are 
made to pages of the reports presenting data for the United States as a whole, 
for states, for counties, for urban and rural areas, for individual cities in various 
size-groups, and for the smaller towns, villages, and townships. 

The Index in its present preliminary and tentative form has been distributed 
rather widely to libraries and to those departments of colleges and universities 
which seemed most likely to have use for it, with a request for a report on the 
extent to which it was found useful and suggestions as to changes or amplifica- 
tions which might be desirable in a later edition. 

A small number of copies are still available for distribution, and one will be 
sent upon request to anyone having real use for the Index. Requests will be 
welcomed in particular from those who are in a position to give the Index a 
thorough try-out in connection with some practical research problem and to 


report the results of this try-out. 
L. E. T. 


PROGRESS OF WORK IN THE CENSUS BUREAU 


A CENSUS OF AMERICAN BUSINESS 


The Bureau is undertaking a Census of American Business with funds sup- 
plied by the Civil Works Administration. This is similar in scope and char- 
acter to the census of distribution taken in 1930. But it covers not only every 
retail and wholesale place of business but service agencies, including hotels, 
theaters or other places of amusement, which were not included in the census 
of 1930; and it includes more detail regarding employment, giving the number 
of employees, distinguishing full time and part time, by months, while the dis- 
tribution census covered only four dates in the year. 

The establishments canvassed are classified by kind of business as determined 
by the principal lines of goods sold or handled, but no attempt is made to secure 
a return of sales by commodities. There is only one schedule or questionnaire 
for all kinds of establishments, while the distribution census, in addition to sepa- 
rate general schedules for wholesale and retail business, included a number of 
special schedules for particular lines of trade. 

The main purpose of this census, kept constantly in view, is to obtain statis- 
tics that will be comparable with the results of the 1930 census so as to ascertain 
and measure the changes that have taken place in American business following 
the prosperous year of 1929. 

It is estimated that this census will give employment to not less than 15,000 
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enumerators and 1,200 clerks. They will be taken from the register of the 
Federal Unemployment Service. 


REAL PROPERTY INVENTORY 


Another C.W.A. project for which the Bureau of the Census will compile the 
data and make the machine tabulation is the “Real Property Inventory” allo- 
cated to the Bureau of Foreign and Domestic Commerce. This might perhaps 
be more properly described as a housing survey, since the only real property for 
which data are collected consists of residential buildings or homes. Information 
obtained regarding the building covers such items as material of construction, 
number of stories, type of building, year built, elevators, condition of structure, 
garage and car capacity. 

The information obtained in regard to the family includes the rent paid if 
the home is rented, or the value if it is owned; and also such items as heating, 
mechanical refrigeration, gas, electricity, bath tubs or showers, running water, 
possession of automobiles, time required for principal income earner to get to 
place of work, usual mode of transportation to work, whether family had a vege- 
table garden last year. 

The field canvass conducted by the Bureau of the Census will be under the 
charge of the same local supervisors as have charge of the census of American 
Business, in accordance with the general policy of utilizing so far as possible 
the same supervisory field force for all projects. The canvass, however, will 
be made by a different set of enumerators. 

This census will not cover the entire country, but will be limited to 63 cities 
or metropolitan districts, including one or more in each state. The aggregate 
population of the areas covered will be about 10,000,000. As is the case with 
the census of business, the funds for this census are being supplied by the C.W.A.., 
and the field and clerical force taken from the register of the unemployed. The 
field force will number about 13,000 persons. 


STUDY OF TAX DELINQUENCY 


Another project sponsored and supported by the C.W.A. and assigned to the 
Bureau of the Census is a study of tax delinquency undertaken with a view to 
supplying information which is needed by the federal government for dealing 
with the local governments in matters of unemployment relief, public works, 
and civil works. 

The federal gevernment is already subsidizing poor relief and is being asked 
to subsidize the reopening of closed schools and perhaps to support other essen- 
tial municipal services. There is a demand for federal legislation to permit 
municipalities to compose difficulties with their creditors; also legislation to re- 
quire the R.F.C. or similar organizations to purchase the tax warrants of the 
municipalities. In the consideration of such proposed legislation it is important 
to know the extent and cause of local tax delinquency, the extent to which it has 
resulted in the curtailment of essential public services, and the extent of the de- 
fault of municipal obligations. 

The project provides for a detailed analysis of tax delinquencies in the 63 
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cities or metropolitan districts in which the real property inventory is being 
made, based upon a sampling of the various classes of property on the delin- 
quent tax roll. Then, so far as practicable, general inquiry will be made as to 
tax delinquencies within the 3,071 counties of the country. It is estimated that 
about 1,800 persons in the various states and 25 in Washington will be employed 


on this work. 


CENSUS OF MANUFACTURES 


The plans for the 1933 Census of Manufactures outlined in the December, 
1933, issue of this JourNAL are being followed in the main. The number of 
special schedules was, however, reduced from 170—the number in 1931—to 81 
by the abandonment of 89; and most of the remaining special schedules are 
substantially curtailed not only by a material reduction in the number of items 
carried in the product inquiries but also by the deletion of the special inquiries 
in regard to mechanical equipment and, except in three cases, of those relating 
to materials consumed. 


ESTIMATING POPULATION 


The Bureau of the Census, as the readers of this JourNAt are doubtless well 
aware, has regularly made annual estimates of population for the years inter- 
vening between decennial censuses, such estimates being needed as a basis for 
determining per capita figures and other rates, especially birth and death rates. 
The method of estimating has been that of arithmetic progression. That is to 
say, the population of the United States and of each political division (state, 
city, or county) is assumed to increase each year by an amount equal to the 
average annual increase during the preceding decade as shown by the decennial 
census. This comparatively simple method of estimating was adopted shortly 
after the Census Bureau was made permanent, or about 30 years ago, as being 
the best practicable method. Experiments made at that time showed that the 
assumption of a constant amount of increase gave a better result than the as- 
sumption of a constant rate of increase, the reason being that the rate of increase 
shows a tendency to decline with the growth of population. This method of 
estimating gave fairly satisfactory results and was continued without modifica- 
tion until a few years ago, when the method for the United States as a whole 
and for the individual states was changed. The total increase of population for 
the United States was arrived at on the basis of the recorded births and deaths 
and the net immigration or emigration, and that total was then apportioned or 
pro-rated among the states, giving to each state that percentage which the in- 
crease of that state in the preceding decade was of the total increase of the 
United States. 

The Bureau, however, continued to use the method of arithmetic progres- 
sion for estimating the population of cities and counties. But it now finds itself 
confronted with a situation in which this method of estimating is no longer 
applicable, the assumption that the growth of population as shown between 1920 
and 1930 has continued not being tenable. The population growth for most of 
the cities of the country has been checked, and it is quite evident that many 
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cities have had very little increase since 1930 and that some have actually de- 
creased in population. 

A conference to consider this situation was recently held in New York City 
under the auspices of the Census Advisory Committee, whose advice the Bureau 
of the Census had sought in connection with this problem. This conference was 
attended by the following persons: Robert E. Chaddock (presiding), Louis I. 
Dublin, Henry Pratt Fairchild, Willford I. King, Lowell J. Reed, F. H. Sterns, 
Warren S. Thompson, Walter F. Willcox, Stuart A. Rice, Leon E. Truesdell, 
and Clarence E. Batschelet. 

Early in the discussion, which lasted for an entire day, the Committee passed 
a resolution advising the discontinuance of current estimates of population for 
all cities and minor civil divisions unless a better method of estimating than the 
simple arithmetic progression method could be devised. Many different meth- 
ods were suggested and considered, none of which the Committee was prepared 
to recommend without further consideration and tests; and the session was con- 
cluded with a resolution that the Bureau be urged to experiment with the vari- 
ous methods suggested during the course of the discussion, including such tests 
as the registration of children in the schools, the birth rates and death rates of 
cities and any other methods that suggested themselves and were applicable to 
the estimates of population for states, cities, and minor civil divisions. It looks, 
however, as if it would be very difficult to evolve any practicable method which 
would give good results under the conditions existing at the present time. And 
unless some such method can be found capable of general application, estimates 
for cities, counties, and minor civil divisions if not for states will have to be dis- 
continued, which means that we cannot determine birth rates or death rates or 
any other rates or per capita figures, except for the country as a whole and 


perhaps for states, until another census is taken. 
J.A.H. 


MISCELLANEOUS NOTES 


The Boston Chapter.—A luncheon meeting of the Boston Chapter was held at 
the Boston City Club on Friday, December 8, and there was an attendance of 31 
members and guests. Professor J. Franklin Ebersole, President of the Chapter, 
presided. 

At a brief business meeting it was Voted, That the President appoint a “Committee 
on Local Statistics,’’ whose function it would be to establish statistical standards and 
to develop and improve the statistical work of the state and local governments within 
the district represented by the Chapter. 

The following report of the address by the two speakers was prepared by A. Ross 
Eckler of Harvard University. 

The topic for consideration was “Monetary Policy and the Price Level.” The 
leaders of discussion were Dr. J. P. Wernette of Cambridge, and Professor Ralph E. 
Freeman of the Massachusetts Institute of Technology. The treatment by Dr. 
Wernette covered the following main topics: the mechanism of general business 
fluctuations, theories regarding the nature of depressions, possible aims of monetary 
policy, and the technique of monetary management. The speaker brought out the 
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importance of the concept of the money stream or the rate of spending. When this 
stream decreases in size, it diminishes the stream of goods; conversely, when it be- 
comes greater, it produces a suction which tends to pull up the volume of goods. 
A general increase in spending (general inflation) or a general decrease in spending 
(general deflation) does not affect the price level alone, but influences also the volume 
of production. There are three types of general inflation and deflation: those affect- 
ing prices only, or pure price movements; those affecting quantities only, or pure 
quantity movements; and finally, those affecting both prices and quantities, or mixed 
movements. In a typical sequence, we find that a mixed deflation is followed by a 
mixed inflation, and it is reasonable to expect that our recovery this time will be by the 
route of mixed inflation. 

Dr. Wernette expressed the opinion that depressions are neither inevitable no: 
useful. They are probably discontinuous phenomena, in that there is no fixed se- 
quence of the various stages that mark the business cycle. On the contrary, it is more 
likely that variations in spending occur more or less at random, and that major cyclical 
movements are likely to be the result of the cumulative influence of a number of 
chance variations in the same direction. 

Monetary policy in the past has usually been directed in such a way as to preserve 
the gold standard. Dr. Wernette pointed out that the usefulness of this standard has 
been exaggerated. While it does promote stability of exchange, the use of futures can 
make foreign trade independent of such stability. It is not clearly to the credit of the 
gold standard that it has facilitated international loans. A second aim of monetary 
policy is the stabilization of prices, but we want stability of quantities even more than 
stability of prices. The third and most important aim of monetary policy is the 
stabilization of industry at a high normal level. 

The value of central bank action, said Dr. Wernette, has not been disproved by the 
events of recent years. He pointed out that the reserve authorities probably applied 
the brakes too severely in 1928 and 1929, and that they failed to reverse their action 
promptly enough, after speculative activity had been reduced. 

Inflation has become a “horrible word,” a kind of bugaboo, meaning nothing but 
wild inflation to some people. The anti-inflationists are mistaken when they point 
to a flight of capital as evidence of monetary distrust, since under a paper standard 
there can be no flight of dollars. Governmental inflation (as distinguished from gen- 
eral inflation) means an expansion of government expenditures, accompanied by an 
unbalanced budget. It may be financed in various ways, as by recourse to central 
banks, to paper money, and to bond issues, the choice among these methods being of 
no great importance. The speaker pointed out that inflations have accompanied all 
great wars, and that few of them have been uncontrolled. Experiences in Russia 
and in Germany are indeed so unrepresentative that they are commonly referred to as 
hyper-inflations. 

Professor Freeman, the second speaker, named as the three main objectives of the 
government’s monetary policy the increase of employment and restoration of pros- 
perity, the attainment of justice between debtors and creditors, and the accomplish- 
ment of permanent economic reform through the promotion of business stability. 
There is some question as to whether the third goal can be attained by the establish- 
ment of an unvarying price level. Business stability requires that there be a balance 
of purchasing power between industrial groups as well as between the purchasing 
power and the productive capacity of the entire community. In other words, there 
needs to be stability both laterally and longitudinally. The speaker indicated ap- 
proval of a policy looking to a higher level of prices. It must be borne in mind, how- 
ever, that the level of prices which will bring about economic stability is not neces- 
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sarily the level giving justice as between debtors and creditors. In the case of conflict 
between these two, the latter criterion must be abandoned, for the stability of the 
country as a whole must be safeguarded. 

The speaker warned against a too rapid rise of prices, because of its tendency to 
promote speculation and to bring on certain maladjustments. There is great danger 
that a rapid expansion will become unbalanced and necessitate severe readjustments. 

The attainment of higher prices and increased activity may be sought through an 
increase of government spending or an increase of private outlays. As to the former, 
the use of public works is at best a slow means of securing increased activity. When 
attempts are made to accelerate public projects, the dangers of waste and corruption 
become very great. The use of this method, furthermore, entails the setting up of 
governmental mechanisms for spending that are hard to set aside later. The financ- 
ing of public works also involves serious difficulties. If financed by public loans, 
they have a depressing influence through the increase in interest charges and taxes. 
If accomplished by fiat money, there ensues a distrust of the monetary unit, even 
though we do not approach the German rate of expansion. The checking of the 
movement will inevitably be an extremely difficult political decision. 

These difficulties indicate that we should explore the possibility of recovery through 
an increase of private spending. Some say that a return to the gold standard and the 
repeal of the Securities Act are the sole steps needed for such an increase. These 
people point to the experience gained from past recoveries and to the current recovery 
in other countries. There are other people who feel that more adjustments are 
needed, and that we must have lower costs at a number of points before continued 
expansion can occur. Professor Freeman expressed hopefulness that private spend- 
ing can accomplish the end desired, and urged that business be given an opportunity 
to show what it can do. The speaker closed his remarks by suggesting that the 
political aspects of monetary policy cannot be overlooked, and that the balance be- 
tween economic and political factors must be preserved. 

In a discussion which followed these papers, an informal poll was taken to determine 
the attitude of those present in regard to return to the gold standard. The majority 
indicated that a return to the old gold standard would be possible, but the sentiment 
as to the desirability of such a return was divided. There was a large majority which 
favored resumption, within the next six months, of some form of the gold standard, 
with a fixed price for gold. The discussion covered also certain questions relating to 
the interpretation of the period from 1922 to 1929. An attempt was made to consider 
the significance of various price changes in relation to long-time trends, and to deter- 
mine therefrom a better measurement of the era of prosperity which ended in 1929. 

RosweE.u F. PHe.ps 


The Chicago Chapter.—There have been two dinner meetings of the Chicago 
Chapter at the Hamilton Club this winter. The first, on November 1, was on “The 
Transportation Problem.” Dr. Charles O. Hardy, a member of the research staff of 
Brookings Institution and an authority on transportation matters, was the speaker. 

The second meeting, on December 13, was on “Sound and Unsound Urban 
Mortgage Practices.” After the usual round table discussion of current statistics 
and economic problems, an address was given by Mr. Morton Bodfish, executive 
vice-president of the United States Building and Loan League and professor of 
economics and real estate at Northwestern University. His address covered the 
different types of urban mortgage institutions which have operated in the past to 
finance buildings, both residential and business property, and gave his ideas on the 
future solution of the home financing problem, based on experiences during the 
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depression. Substantial description of the operations of the Federal Home Loan 
Banks and their function in the credit structure was included, and some present 
phases of the Home Owners Loan Corporation, relief agency for economically un- 
fortunate home owners, were taken up. 


The Business Statistics Section of the Cleveland Chapter.—The second 
meeting of the Business Statistics Section of the Cleveland Chapter was held at the 
Chamber of Commerce Club on October 30. Mr. Howard Green presented the 
results of a study of the population movements in Cleveland and the immediate 
vicinity for the comments and suggestions of the group to aid in the interpretation 
and presentation of the research. 

The third meeting was held on November 28, in the headquarters building of The 
Ohio Bell Telephone Company. The Statistician, Mr. H. G. Hard, and his staff 
reviewed the purpose, organization and work of the telephone company’s statistical 
section. The meeting was followed by a tour of the building. 


The Connecticut Chapter.—The Chapter opened its winter season with a 
dinner meeting at the Faculty Club in New Haven. Professor A. L. Bowley of 
London presented a paper on “ Definition and Verification in Statistics.” The 
Chapter was both honored and charmed by its distinguished guest-speaker. 

With the joint codperation of the New Haven Chamber of Commerce and the 
Yale Economics Club the Chapter sponsored a public meeting on the evening of 
December 7 in the auditorium of the Yale Law School. The topic for the evening 
was “Business Recovery and Monetary Policies.” The speakers were Professor 
Irving Fisher of Yale and Professor B. H. Beckhart of Columbia. Discussion was 
opened with remarks by Professor Hudson Hastings and Professor R. B. Westerfield. 
The audience of some six hundred persons addressed numerous questions to the 
speakers. Dr. Royal Meeker, president of the Chapter, was in the chair. 


The Philadelphia Chapter.—On November 10 the Philadelphia Chapter met to 
discuss the topic “ Economic Recovery Measures.” Different phases of this topic 
were discussed by: Dr. Clair Wilcox, Swarthmore College, who spoke on “The 
National Industrial Recovery Act—Its Aims and Possibilities”; Dr. George W. 
Taylor, University of Pennsylvania, “ The Textile Code in Operation—Some Prob- 
lems and Results”; Mr. Robert B. Warren, New York City, “ Economic Problems 
and Economic Experiments.” 

As a sequel to this meeting the Chapter met on December 7 to discuss “ Govern- 
ment Statistics under the New Deal.” The speakers on this subject with their 
topics follow: “The Central Statistical Board: Its Purpose and Work,” Dr. Morris 
A. Copeland, Executive Secretary of the Central Statistical Board, Washington, 
D. C.; “New and Improved Statistics on the National Labor Market,” Dr. Ewan 
Clague, Director of Research, Philadelphia Community Council, Member of Ad- 
visory Committee to Secretary of Labor Staff Member, Committee on Govern- 


ment Statistics. 


The Pittsburgh Chapter.—The last two luncheon meetings of the Pittsburgh 
Chapter were held October 26 and November 23. The subject of the first was “ The 
Economics of Public Works Expenditures,” and the speaker, Dr. Carroll R. 
Daugherty, Assistant Professor of Economics, University of Pittsburgh. Discussions 
were presented by Dr. George K. McCabe and Dr. Francis D. Tyson of the Univer- 
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sity of Pittsburgh. Comment was made on the pamphlet, “The Means to Prosper- 
ity,” by John Maynard Keynes, which enthusiastically supports the capitalistic 
goods expansion program as the main way to recovery. 

At the second meeting on “ The Pros and Cons of the Administration’s Monetary 
Policy,” the speakers were: “ Pro”—Dr. H. J. Watkins, Director of the Bureau of 
Business Research, University of Pittsburgh; “Con”—Dr. John M. Ferguson, As- 
sistant Professor of Economics, University of Pittsburgh. 


The San Francisco Chapter.—The 1933 annual meeting and election of officers 
for the San Francisco Chapter was held on October 13, 1933. Officers elected for 
the coming year were B. F. Haley, Department of Economics, Stanford University, 
President ; R. D. Calkins, Department of Economics, University of California, Vice- 
President ; and R. W. Bachelor, District Secretary. 

The speaker of the evening was Theodore J. Kreps of the Graduate School of 
Business, Stanford University. Dr. Kreps discussed the development of business 
forecasting services during recent years. He first outlined the economic world that 
forecasters pictured, such as (1) one of chance, in which case the theory of fre- 
quency distributions is applicable, (2) one of Newtonian mechanics, in which case 
correlation analyses are useful, and (3) one of psychological stimuli and responses. 
Dr. Kreps then reviewed the record of actual forecasts made by some of the leading 
services such as Babson, Brookmire, Standard Statistics, and Silberling. He ranked 
them according to their successes in the various departments of business and finance 
which they endeavored to advise their clients. 

The second meeting of the year was held on December 6, 1933. Dr. J. M. Tinley, 
Associate Agricultural Economist on the Giannini Foundation discussed economic 
planning and the dairy industry under the title “The Problem of Environmental 
Plant Efficiency—A Study of Plant Inefficiency.” 

Dr. Tinley first outlined his general thesis. Economists and business men have 
for a long time extolled the virtues of specialization and division of labor. Scien- 
tific management corporations have been established to give advice and help to 
individual business enterprises. Nearly all of the bigger corporations have efficiency 
departments. Universities make studies of creamery operating efficiency, grain 
elevator efficiency, and farm management efficiency. These studies aim at setting 
up norms or standards at which individual units will aim. 

One of the big weaknesses of such studies is that they consider each unit sepa- 
rately—each unit is studied under existing operating conditions. The volume han- 
dled at the time the study is made is used as the denominator for calculating physical 
inputs per unit of output and for calculating unit operating expenses. Many of 
these studies have failed to take into consideration or have glossed over the prob- 
lem of efficiency of the group of plants being studied as a whole, or to put it in 
another way, the extent to which the combined processing capacity of all the 
individual units is adjusted to the available amount of raw materials or to potential 
consumer requirements. 

The principle of division of labor and specialization applies with equal force to 
industries and regions as it does to individual plants. However, while we give a 
good deal of thought to the fullest utilization of these principles in individual units, 
we ignore those principles. 

Now cne would expect that normally there would be some excess of plant capacity 
in individual industries. Provision must be made by individual plants for future 
expansion of sales. Some equipment will become worn out and obsolete. Peak 
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loads must be taken care of. Individual plants may break down temporarily and 
other plants must be able to carry the load. But even allowing for this, there would 
seem to be no logical and beneficial reason (from the social viewpoint) for having 
an industry having capacity far in excess of its normal outlet plus a liberal margin 
of safety. 

From a social viewpoint this condition of affairs simply results in the diversion 
of a large part of the national annual income into what are ultimately unproductive 
channels. The capital invested in unused and unusable plant capacity may as well 
have been used to build monuments on a desert island for all the benefit it is to the 
nation when once it has been built. Such plant capacity certainly does not con- 
tribute in any way to the sum total of goods and services available directly and 
indirectly for human consumption. From a more practical standpoint, such exces- 
sive and unproductive plant capacity acts as a dead weight upon the suppliers of 
raw materials and the ultimate consumers of goods. If such conditions of over- 
expansion are characteristic of a large number of industries the net effect is to reduce 
the potential output of goods and services. More directly, this tendency for large 
numbers of industries to become oversupplied with productive capacity is one of 
the important factors causing business recessions and disruption of our economic 
life. 

There are many reasons for this state of affairs, among them local pride (the 
desire of regions to become locally self-sufficient) and promotional activities of 
professional company promoters or of agents for manufacturing machinery. This 
state of affairs is also largely a reflection of the weakness of our capitalistic system. 
There is always a tendency for capital to flow into industries which, for the time 
being, are paying a high rate of return on previously invested capital. The fact is 
frequently lost sight of that when the additional productive capacity comes into 
active use, the increase in output could only be sold at a lower price, thus reducing 
the returns on all invested capital. 

The effects of excessive plant capacity are evidenced in yet other ways: cut- 
throat competition between the various units to expand or maintain the volume of 
sales; excessive expenditure on advertising and overlapping in delivery and assem- 
bling routes; the granting to consumer or producer patrons of unnecessary and 


costly services. 


United States Bureau of Labor Statistics.—The survey of cost of living of 
government employees in the District of Columbia, made by the Bureau of Labor 
Statistics and other Federal offices, for the purpose of securing data to be used in 
adjusting the wages of government employees, was completed in the latter part of 
December. The regular semiannual cost-of-living survey (made in June and De- 
cember of each year) was completed about the same time, and the results published 
in the Labor Review for February. 

The indexes of factory employment and pay rolls since January, 1923, have been 
adjusted to agree with the trend shown in the Federal biennial censuses of manu- 
factures from 1923 through 1931, and the index base for manufacturing industries 
(including canning) has been changed to the average for the 36 months of 1923 to 
1925. 

Beginning with January, 1934, the weighting factors of the wholesale-price index 
numbers of the Bureau of Labor Statistics were revised to incorporate the data from 
the 1931 census of manufactures. No revision of indexes was made for previous 

















95] Notes 95 


periods and the “ tying-in” or “chain” system of calculating indexes was employed 
for the introduction of the revised quantities. 

The biweekly collection of retail food prices will be continued during 1934. The 
number of food items, which was increased from 42 to 45 in August, 1933, was 
further increased to 77 beginning with January, 1934. These added items are not 
included in the index at present because of the lack of information regarding the 
quantities to be used as weights. 

Since the statement on the work of the Bureau of Labor Statistics was prepared 
for the December, 1933, issue of this JourNaL, the Bureau has published in the 
Monthly Labor Review reports of special studies of labor turnover in the boot and 
shoe industry and in the cotton-manufacturing industry in 1931 and 1932, and in 
manufacturing establishments in general in the third quarter of 1933; occupational 
changes since 1850, as shown by census reports; wages and hours of labor in the 
manufacture of silk and rayon goods and in foundries and machine shops; pro- 
ductivity, hours, and compensation of railroad labor; longshore labor conditions and 
port decasualization in the United States (including a plan to decasualize longshore 
labor) ; fluctuation of employment in Ohio in 1931 and 1932, and comparison with 
previous years; minimum-wage legislation in the United States; and accidents in 
manufacturing industries, 1926-1932. 


Office of the Economic Adviser to the Executive Council.—The Executive 
Council, composed of the members of the President’s cabinet and the heads of the 
independent agencies concerned in the Recovery Program, has appointed a staff to 
advise on current economic developments, and to correlate research on economic 
problems done in the several government agencies. Dr. Winfield W. Riefler was 
appointed Economic Adviser to the Executive Council in July, 1933. Dr. Riefler was 
formerly a member of the Division of Research and Statistics of the Federal Reserve 
Board. The members of his staff are Mr. C. R. Chambers, who has been with the 
U. S. Department of Agriculture and the Treasury in Washington, and more recently 
with Investment Research Corporation of Detroit, Michigan; Mr. J. Herbert Leigh- 
ton, formerly with the Federal Reserve Bank of Boston, the American Telephone & 
Telegraph Company and the Irving Trust Company of New York; and Miss Aryness 
Joy, of the Division of Research and Statistics of the Federal Reserve Board. Other 
members of the staff are Miss Patricia Dowling, Miss Eleanor King, Mrs. Charlotte 
Jett. 


Activities of the United States Bureau of Agricultural Economics.—A 
survey has been made by the Division of Agricultural Finance of the Bureau of 
Agricultural Economics, of the ratios of mortgage debt to the value of mortgaged 
farms. It was found that approximately 38 per cent of the mortgaged farms were 
indebted for one-half or more of their value as of January 1, 1933. The survey 
covered 22,000 farms. The largest proportion of farms with high debt ratios was 
in the West North Central States. The proportion of ratios above 75 per cent of 
value was somewhat greater than in the previous year. 

Three Civil Works Administration projects have been organized in the Bureau 
of Agricultural Economics, which are briefly described as follows: 

Prices Farmers Pay. The Bureau of Agricultural Economics, with the aid of 
funds and personnel provided by the Federal Civil Works Administration, has taken 
steps to establish a comprehensive basis for subsequent collection of information 
on prices paid by farmers for articles purchased. A sample enumeration of prices 
paid by farmers was made during four days. This enumeration covered approxi- 
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mately 12,000 farmers’ buying centers of less than 15,000 population in every agri- 
cultural section of the country. Representative stores of all types that cater to 
farm trade were canvassed in each of these towns during the period by a staff of over 
3,000 enumerators under the supervision of the field offices of the Division of Crop 
and Livestock Estimates. 

A wealth of basic statistical data on the prices of articles farmers buy has been 
assembled in this survey. Prices of 211 items were collected. Sixty questions also 
were asked regarding the kinds of commodities most commonly sold to farmers, 
while six questions applied to the quantities of food usually bought at one time. 
This merchandising information will aid the Bureau materially in the revision and 
standardization of the wording of its regular inquiries in the future. 

The Bureau of Agricultural Economics will use these data primarily as a base for 
the estimating of state averages of the actual current level of prices paid by farmers. 
Heretofore too small a sample had been gathered to enable the Bureau to publish 
reliable and adequate averages on many items even for the country as a whole, and 
only index numbers of prices paid by farmers were released to the general public. 
Most of the series now gathered are sufficiently accurate to reflect current price 
changes but before the sample price census was taken in January, data for only a few 
of the items could be relied upon to show the actual average of prices paid in the 
several geographic divisions, and even less in individual states. A base is now to be 
established from which estimates of actual prices paid by farmers can be made for a 
list of articles ranging from combine-harvesters to bread. 

Farm Taz Delinquency and Farm Transfers. A Federal Civil Works project has 
been organized to obtain country-wide data on farm real estate tax delinquency, 
farm real estate values, and farm transfers. All of the information involved, except 
in special cases, will be obtained from the legal records of individual counties and 
towns. It is designed to obtain records of individual farms (and other acreage prop- 
erties) which have been tax delinquent at any time in the past six years, and of 
individual sales of farm real estate since 1900. 

The tax delinquency schedule asks for rather full reports of delinquency, tax sales, 
redemptions and tax deeds. The transfer record calls for classification of transfers 
by voluntary sale, forced sale and “gift, devise, or descent.” Forced sales are 
further classified into mortgage foreclosures, assignments and tax sales. Kind of 
property, assessed value, consideration, kind of deed and other pertinent items are 
also covered. 

A basis for estimating and analyzing farm tax delinquency, and a better basis for 
farm value, foreclosure and other transfer estimates has been badly needed. Tabu- 
lation of the results of this inquiry should give more trustworthy bases in both cases, 
and in a form as nearly uniform as possible between states. The latter feature 
is of peculiar significance in the case of tax delinquency. 

The project involves the employment of 11,000 persons for perhaps an average 
of a month preceding February 15, and the expenditure of a maximum sum of 
$1,175,000. Not more than approximately 6 per cent of the total sum will be used 
for expenses other than direct employment. 

Cotton Statistics. Included in the Federal Civil Works project entitled “Cotton 
Statistics” are several sub-projects, among them being, first, a study of the factors 
related to changes in staple length in successive cotton crops. For the past six years 
the Department of Agriculture has been publishing estimates of the grade and 
staple of cotton. During the past five years there has been a decided year-to-year 
decrease in the proportion of cotton shorter than % inch and an increase in certain 
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of the longer lengths. For the purpose of properly allocating gins from which to 
receive samples, a detailed variety survey has been made for the past three years, 
and a study of the equipment in each of the gins also recorded. These data, along 
with weather conditions, price differentials, and other factors, are being tabulated 
and studied as possible explanations of the improvement in the staple length that 
has taken place in the past five years in American upland cotton. 

A second sub-project, having to do with a study of the movement of cotton 
through marketing channels, has for its objectives to delimit the producing areas 
tributary to each port or concentration point; to ascertain the place of consumption 
of cotton produced in the various sections of the Cotton Belt; and to determine the 
lines of movement and points of concentration essential to the most economical 
marketing of the cotton crop. Data are being collected from primary sources for 
the various modes of transportation at all cotton ports, at the more important in- 
terior concentration points and at rail gateways. The data will be tabulated and 
analyzed by individual ports and interior concentration points as well as for the 
country as a unit. 


Forthcoming Annual Meeting of the American Public Health Association. 
—The American Public Health Association announces that its sixty-third annual 
meeting will be held in Pasadena, California, September 3-6, 1934. The Western 
Branch of the American Public Health Association, with a membership of more 
than 1,200 from eleven western states, will hold its fifth annual meeting at the same 
time. Dr. J. D. Dunshee, Health Officer of Pasadena, has been appointed Chair- 
man of the Local Committee on Arrangements. He will be assisted by Dr. John L. 
Pomeroy, President, and Dr. W. P. Shepard, Secretary of the Western Branch, and 
other prominent public health authorities on the west coast. 


Commission of Inquiry on Public Service Personnel.—With the approval of 
President Roosevelt, the problem of public service personnel has been made the 
subject of a comprehensive national inquiry. The Commission of Inquiry on Pub- 
lic Service Personnel has been named by the Social Science Research Council, an 
organization made up of representatives from seven national scientific societies in 
the social science field, whose function it is to advance scientific knowledge by 
means of grants, fellowships, research and the like. At the request of the Council 
the Spelman Fund, one of the Rockefeller funds, financed the study. After its 
selection of the membership of the Commission the Council retires to leave the 
Commission free to proceed with its work. 

The Commission is headed by L. D. Coffman, President of the University of 
Minnesota. Other members of the Commission are: Louis Brownlow, Public 
Administration Clearing House, Chicago; Ralph Budd, president, Chicago, Burling- 
ton and Quincy Railroad, Chicago; Arthur L. Day, National Academy of Sciences, 
Washington, D. C.; and Charles E. Merriam, University of Chicago. Director of 
research and secretary to the Commission is Dr. Luther Gulick of Columbia Uni- 
versity, director of the Bureau of Public Administration. The members of the 
Commission were chosen on the basis of their ability for impartial, objective judg- 
ment of the situation. 

The purpose of the Commission is to examine the present situation throughout 
the United States in regard to public service personnel with a view to making 
relevant recommendations for America’s guidance in the future. It was appointed 
to meet the need for a thorough, nation-wide and impartial examination of the 
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whole problem of public service. From 1870-1930, the number of individuals in 
public service in the United States increased one thousand per cent. Today two 
and a half million men and women are on government payrolls—federal, state and 
local. This includes the schools, but not those at work on emergency unemploy- 
ment relief. Out of all tax money collected for ordinary purposes in the United 
States sixty-three per cent, or four billion dollars annually, is spent directly for 
salaries and wages. 

Early in 1934 hearings will be held by the Commission of Inquiry in various parts 
of the country. In the meantime, the staff of the Commission will collect facts and 
points of view for the study and consideration of the Commission’s members. 

The Commission will consider policy and method in the recruiting, selection, 
compensation, promotion and tenure of the administrative and technical personnel 
of national, state and local governments. It will seek to discover what can be done 
in a constructive way to improve the public service, to make it more attractive to 
good men and women, and to keep the executive and administrative services both 
effective and democratic. It will make a report with recommendations to the 
American people at the end of 1934. It is expected to benefit not only the two and 
a half million men and women now on the public payrolls, but the entire body of 
taxpayers as well. Headquarters will be at 302 East 35 Street, New York City. 


The New Division of Research of the New York State Department of 
Social Welfare.—The importance of social research was given official recognition 
late in November when the Bureau of Research of the New York State Department 
of Social Welfare was elevated to the status of a Departmental Division. The 
Bureau now takes equal footing with the other Divisions of the Department, the 
Divisions of Child Welfare, Old Age Security, Medical Care, State Aid, and Ad- 
ministration of Institutions. 

Simultaneously with this action, Dr. David M. Schneider, Director of the Bureau, 
has been appointed Assistant Commissioner in charge of the new Division. Dr. 
Schneider, who is a graduate of Johns Hopkins University, was instrumental in the 
founding of the Bureau of Research in 1930. He was formerly with the Bureau of 
Jewish Social Research in New York City. 


The Brookings Institution.—Dr. Karl Pribram, of the University of Frankfurt, 
has been appointed a member of the staff of the Institute of Economics for a period 
of two years, beginning January 1, 1934. Dr. Pribram will collaborate on the study 
which the Institute is making of the N.R.A. experiment. Temporary appoint- 
ments have also been accepted by R. T. Beall, Gustav Seidler, and Arthur Wubnig. 

Members of the Institute of Economics staff who will codperate in government 
projects are: Dr. Lewis L. Lorwin, who has accepted a temporary part time position 
with the National Planning Board; and Charles L. Dearing who has been loaned 
to the N.R.A. Cyril B. Upham for a short time connected with the staff, has 
accepted a position with the Treasury. Institute of Economics research projects 
recently brought to completion are: Current Monetary Issues, by Leo Pasvolsky; 
The Economics of Free Deals, by Leverett S. Lyon; The British Attack on Unem- 
ployment, by A. C. C. Hill and Isador Lubin. 

Two research projects recently brought to completion under the auspices of the 
Institute for Government Research are: The Election Administration Systems in 
the United States, by Joseph P. Harris; and The Veterans Administration, by 
Laurence F. Schmeckebier and Gustavus A. Weber. 
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Mr. Felix Morley has resigned from the staff of the Brookings Institution to 
accept the editorship of the Washington Post. 


National Distribution Council.—The National Distribution Council, although 
having but a limited membership and operating only in Washington, D. C., bids fair 
to become a real institution in the intellectual life of the Capitol. It started the 
fourth year of its activities with two monthly meetings—one luncheon meeting and 
one dinner meeting usually held at the Brookings Institution—with the following 
new members: Dexter Keezer of the Consumers’ Advisory Board; Tracy E. Thomp- 
son of the Central Statistical Board; Walter Mitchell, Jr., of the Department of 
Commerce; 8S. L. Kedzierski of the Bureau of Foreign and Domestic Commerce, and 
John Fri of the Department of the 'nterior. 


National Association of Marketing Teachers.—The National Association of 
Marketing Teachers has recently appointed an Advisory Committee to the Bureau 
of Foreign and Domestic Commerce, consisting of the following professors: T. N. 
Beckman of Ohio State University, Paul D. Converse of the University of Illinois, 
W. D. Moriarty of the University of Southern California, Harry Tosdal of Harvard 
University and Wilford White of the University of Texas. This Committee held its 
first meeting in connection with the conventions of the various learned societies 
at Philadelphia and will be ready shortly to make some recommendations to the 


Director of the Bureau. 
PERSONALS 


Mr. Woodlief Thomas in September again became a member of the staff of the 
Division of Research and Statistics, Federal Reserve Board, on leave of absence 
from the Federal Reserve Bank of New York. 

In January Mr. Lewis N. Dembitz of Washington, D. C., joined the staff of the 
Division. 


OBITUARY 


With the sudden death of George Pendleton Watkins at his home in Washington on 
October 24th, the career of an exceptionally able statistician came to a sudden and 
unexpected close. 

Dr. Watkins was born in Fall River, Massachusetts, in 1876. He graduated from 
Cornell in 1899 and for the next three years taught first in the public schools and later 
at Trinity College. In 1902 he resumed his graduate work, studying at Cornell and 
also at Berlin and Munich. Cornell gave him his Doctor’s degree in 1906 and for the 
next two years he served there as an instructor. In 1908 he joined the staff of the 
New York Public Service Commission (1st district) subsequently becoming its assist- 
ant chief statistician. In 1917 he resigned from the Public Service Commission and 
in the following year joined the Federal Trade Commission staff as an examiner. He 
became chief statistician of the Commission in 1927, a position which he occupied at 
the time of his death. Among the more important inquiries with which Dr. Watkins 
was closely associated during his work with the Federal Trade Commission were the 
grain and cotton trades, wheat prices, open price trade associations and interstate 
transmission of electric power. Probably his finest statistical work was done in Vol- 
umes VI and VII of the Grain Trade Reports; “Prices of Grain and Grain Futures,” 
and “Effects of Future Trading in Grain,” respectively. For the statistical work and 
methods used in these two reports, he was almost wholly responsible although others 
assisted in the revision and final drafts. These studies represent the first comprehen- 
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sive analysis of future trading operations and results, disclosing important statistical 
conclusions with regard to price leadership between cash and futures and between 
terminal markets, the forecasting and stabilizing effects of futures, profits and losses 
for different classes of trades and traders, and social and economic costs of future 
trading. 

Dr. Watkins was also known as an expert in public utility rate making and his 
volume on electric rates is regarded as one of the authoritative works in this field. In 
addition to this volume he was also the author of the Growth of Large Fortunes, Welfare 
as an Economic Quantity, and numerous statistical and other articles in the economic 
and statistical periodicals. 

Dr. Watkins was a Fellow of the American Statistical Association (Counsellor— 
1927) and was deeply interested in its activities and all other statistical work. His 


death means a serious loss both to the Association and to the profession. 
W. S. STevENs 


MEMBERS ADDED SINCE DECEMBER, 1933 


Badger, George F., Assistant Epidemiologist, Herman Kiefer Hospital, Detroit, 
Michigan 

Baughman, Floyd R., Economics Division, International Telephone and Telegraph 
Corporation, 67 Broad Street, New York City 

Benedict, Dr. Murray R., Giannini Foundation of Agricultural Economics, Univer- 
sity of California, Berkeley, California 

Benowitz, Hyman K., Analyst, 304 Greenwich Street, New York City 

Berkson, Dr. Joseph, Research Statistician, Mayo Clinic, Rochester, Minnesota 

Bowen, Elizabeth W., 1828 Turner Street, Allentown, Pennsylvania 

Bowerman, Walter G., Assistant Actuary, New York Life Insurance Company, 51 
Madison Avenue, New York City 

Buckwalter, Professor Henry G., Department of Business Administration, Albright 
College, Reading, Pennsylvania 

Cady, Dr. Vernon M., Economic Analyst, Department of Industrial Engineering, 
Columbia University, New York City 

Calkins, Dr. Robert D., Assistant Professor of Economics, University of California, 
Berkeley, California 

Carlton, Dr. Frank T., Case School of Applied Science, Cleveland, Ohio 

De Leo, William, 33 East Fordham Road, New York City 

Dreis, Thelma A., Research, Yale Institute of Human Relations, 30 Davenport 
Avenue, New Haven, Connecticut 

Dulles, Dr. Eleanor L., Instructor, University of Pennsylvania, 3440 Walnut Street, 
Philadelphia, Pennsylvania 

Ellison, Professor John M., Department of Sociology, Virginia State College, 
Ettrick, Virginia 

Farnum, Emily I., Personnel Officer, Bureau of the Census, Washington, D. C. 

Fink, Hugh W., Department of Statistics, American Telephone and Telegraph 
Company, 195 Broadway, New York City 

Fitzgerald, Thomas J., Chief Statistician, Division of Special Tabulations, Bureau 
of the Census, Washington, D. C. 

Gerken, Theodore H., Resident Editor at Pittsburgh for the Jron Age, 1319 Park 
Building, Pittsburgh, Pennsylvania 
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Gregg, John L., Accounting, Elephant Butte Irrigation District, Los Cruces, New 
Mexico 

Hanchett, Dr. D. S., Fieldston School, Fieldston Road, New York City 

Hanlon, Jeannette, Department of Labor, Division of Statistics and Information, 
State Office Building, Albany, New York 

Hartkemeier, Dr. Harry P., Instructor, University of Missouri, 116 Business and 
Public Administration Building, Columbia, Missouri 

Hobbs, G. Warfield, 3rd, Investment Department, City Bank Farmers Trust Com- 
pany, 22 Williams Street, New York City 

Holloway, Claude S., Jr., Analyst, Wisconsin Taxpayers Alliance, 910 Tenney 
Building, Madison, Wisconsin 

Hughes, Henry J., Decoppet and Doremus, 42 Broadway, New York City 

Hunsicker, Harvey K., Department of Labor and Industry, Harrisburg, Pennsyl- 
vania 

Hutchinson, Edward P., Graduate Student, Department of Biology and Public 
Health, Massachusetts Institute of Technology, Cambridge, Massachusetts 

Hutchinson, Stanley H., Graduate Student, New York University, Washington 
Square East, New York City 

Lawres, Irving A. J., Manager, Research Department, National Credit Office, 
2 Park Avenue, New York City 

Logie, Dr. H. B., National Conference on Nomenclature of Disease, 2 East 103 
Street, New York City 

Lupinski, Hugo H., Supervisor of Statistics, New York Telephone Company, 1775 
Grand Concourse, New York City 

Mahan, Harry C., Psychologist, Warren State Hospital, Warren, Pennsylvania 

Mead, Marion, Director, Research Department and Librarian, Illinois Chamber of 
Commerce, 20 North Wacker Drive, Chicago, Illinois 

Miller, Edward C., General Supervisor of Statistical Department, Near East Foun- 
dation, 151 Fifth Avenue, New York City 

Miller, Emory T., Statistical Research, Clinton Gilbert and Company, 120 Broad- 
way, New York City 

Muench, Dr. Hugo, Jr., Field Director, International Health Division, Rockefeller 
Foundation, 49 West 49 Street, New York City 

Murphy, Dr. T. F., Chief Statistician, Division of Vital Statistics, Bureau of the 
Census, Washington, D. C. 

Nathan, Dr. Otto, Princeton University, Princeton, New Jersey 

Notestein, Dr. Frank W., Research, Milbank Memorial Fund, 40 Wall Street, New 
York City 

Phelps, Gordon, Statistical Department, In care Ned. Koloniale Petroleum Mij., 
Soengei Gerong, Palembang, Sumatra, Netherland East Indies 

Posner, Stanley I., Statistical Projects, National Recovery Administration, Wash- 
ington, D.C. 

Roe, Frederick, Investment Management, 120 South LaSalle Street, Chicago, 
Illinois 

Riordan, John, American Telephone and Telegraph Company, 195 Broadway, New 
York City 

Salant, Allan, Boy Scouts of America, 2 Park Avenue, New York City 

Schmidt, Dr. Carl T., Charleston College, Charleston, South Carolina 

Schumacher, Francis X., Section of Forest Measurements, United States Forest 
Service, Washington, D. C. 
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Schwarz, Ruth, Social Statistician, Emergency Home Relief Bureau, 69 West 47 
Street, New York City 

Smith, Dr. Mary P., Associate Professor, Economics and Sociology, Hollins College, 
Hollins, Virginia 

Sommaripa, Alexis, Manager, Business Research and Fabric Development Depart- 
ments, Du Pont Rayon Company, Empire State Building, 350 Fifth Avenue, 
New York City 

Souers, Margaret, Graduate Student, New York University, Washington Square 
East, New York City 

Stahl, Gustav R., National Industrial Conference Board, Inc., 247 Park Avenue, 
New York City 

Timmerman, Willem A., Statistical Department, South African Railways and 
Harbours, 39, Plantation Road, Auckland Park, Johannesburg, South Africa 

Tufts, Mrs. Edith M., Research Associate, Bureau of Social Research, 711 Wabash 
Building, Pittsburgh, Pennsylvania 

Van Winkle, Professor Edward H., Department of Business Statistics, Rensselaer 
Polytechnic Institute, Troy, New York 

Wagner, Jane L., Clerk, Reports Department, Research Section, Federal Reserve 
Bank of New York, 33 Liberty Street, New York City 

Wetzel, George B., Chief, Mechanical Tabulation Division, Bureau of the Census, 
Washington, D. C. 

Whitfield, Dr. R. N., Director, Bureau of Vital Statistics, Mississippi State Board 
of Health, Jackson, Mississippi 

Willis, John B., The Jewel Tea Company, Barrington, Illinois 

Wilson, Harold W., Analyst, American Cyanamid Company, 535 Fifth Avenue, 
New York City 

Wilson, Robert L., Analyst, Bell Telephone Company of Pennsylvania, 416 Seventh 
Avenue, Pittsburgh, Pennsylvania 

Yost, John W., Manager, Trade Associations in the Metal Goods Lines, 53 Park 
Place, Room 810, New York City 
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World Agriculture and the Depression, by V. P. Timoshenko. Michigan Busi- 
ness Studies, Vol. V, No. 5. Ann Arbor: University of Michigan School of 
Business Administration, Bureau of Business Research. 1933. 123 pp. 


To the present reviewer, Dr. Timoshenko’s compact little study appears 
challenging, significant, and essentially sound so far as it goes. It is a good 
example of realistic research with the aid of economic reasoning and a wide 
range of statistical data, in which the writer uses imagination and ingenuity 
and keeps his balance. It affords clear evidence of ways in which economic 
maladjustments arise and operate. The study should be read and pondered 
by students of economic theory, economic history, agriculture, international 
trade and finance, the business cycle in general and the current one in par- 
ticular. It should be especially commended to those who regard the present 
depression as due mainly to monetary factors, to those who regard what is 
loosely termed overproduction as illusory, and to “general economists” who 
are not versed in what may be termed commodity economics. 

Dr. Timoshenko undertakes “to show the position which agriculture has 
occupied in the creation and the development throughout the world of the 
present general economic depression.” This leads him to consider, chiefly for 
the period since 1923 or 1925, the prices, production, and stocks of the princi- 
pal agricultural commodities; the foreign trade position of agricultural and 
highly industrialized countries; and the foreign borrowings and balance of 
payments of agricultural countries. In the overexpansion of production of 
staple agricultural products as compared with the demand for them, he finds 
adequate explanation for the declining trend of agricultural prices before 1929, 
and the vulnerable position of agricultural prices and the agricultural countries 
in 1929. He brings out the significance of overborrowing by agricultural coun- 
tries prior to 1930, of the peculiarities of the agricultural year 1929-30, and of 
the monetary, financial, and other factors that accelerated and deepened the 
depression; but “at the basis of the crisis and depression were the factors re- 
lating to the commodities themselves.” His consideration of remedies is brief 
but illuminating. 

Individual readers familiar with one or another phase of the subject will de- 
tect various minor flaws in the presentation; but the present reviewer dis- 
covered no sins of commission or omission that, considering the avowed scope 
of the study, deserve mention in a brief comment. 

Joserx 8. Davis 

Food Research Institute, Stanford University 
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Industrial Pension Systems in the United States and Canada, by Murray W. 
Latimer. New York: Industrial Relations Counselors. 1932. 2 vols. 
xxi, 1195 pp. 

Trade Union Pension Systems, by Murray W. Latimer. New York: Industrial 
Relations Counselors. 1932. xvi, 205 pp. 


A maker of epigrams might describe these truly monumental treatises of Mr. 
Latimer as a study in futility. The epigram would be at least a half-truth. 
The opportunities of the industrial pension system have been so vast, their 
accomplishments so pitifully small. Even in the piping times of 1929 only 
one of every seven industrial workers cherished the hope of a pension some day 
in the future, and the ratio is now lower. It is a hope that, short of miracle, 
cannot be realized for even these very few. The number of persons actually 
receiving pensions on January 1, 1932, less than 125,000, seems very small 
compared with the number looking forward to them; but they impose already 
a burdensome strain on the funds out of which they are paid. Industrial pen- 
sions on the average are not luxurious, their total is not over $100,000,000 a 
year, but even these sums are not secure. As for the remaining six workers 
who are not covered even nominally under industrial schemes, their only 
chance for a superannuation allowance rests on the slender possibility of a state 
old age pension or a trade union benefit. 

It is remarkably little that voluntary action by industry has brought forth 
in the field of old age protection. The most serious defect of industrial pen- 
sions—it is vital—is that as a class they are not secure. They fail in their first 
and last reason for being. The financing of most plans is casual and inept and 
is related to current profits and not to actuarial solvency, funds accumulated 
are not segregated or trusteed, the rights of pensioners are either closely re- 
stricted or not defined at all. With an accrued liability of two billions of 
dollars and assets of not over 625 millions, as a class they are insolvent. Their 
administrators have ignored the rapid increase in pension eligibles that is in- 
evitable as plans mature, and had run into trouble even before the depression. 
The effect of depression has been to cut down more plans per year than ever 
hefore in our history and to deliberalize—coy expression for restrict!—many 
others. 

Mr. Latimer in conclusion outlines a model industrial pension system, but 
it is quite plain that he considers voluntary plans, even the best of them, not 
good enough. His model includes the features of employee contributions, nec- 
essary to make the plan feasible under a profit economy; guaranteed and con- 
tractual benefits; and joint control by men and management. But he believes 
that sound industrial pensions are not possible except for “a minor fraction” 
of American business. The view that must be taken to make a pension scheme 
really sound is too long except for the very aristocracy of private initiative 
and Mr. Latimer seems to be looking forward to old age provision by the state 
as the way out. 

Trade union provisions for superannuation (and for total disability) have a 
longer history but even less to show in the present or to hope for in the future. 
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They can last only a little while longer on their present rickety basis. The 
entire number of members drawing pension in 1931 was only 31,000 and is 
declining. Putting the system on a sound bottom by increasing contributions, 
one alternative, is even more impossible than to whittle benefits. For the unions 
even more than for management a state compulsory system appears the only 
way out of a hopeless cul de sac. 

The pension schemes of the unions, like those of industry, have amply dem- 
onstrated that they are not to be regarded as ends in themselves though they 
may become useful object lessons to guide the experiments of the future. That 
is to say, if these books are to be taken solely as descriptions of existing insti- 
tutions the maker of epigrams will be right and the half-truth becomes a whole 
one. Mr. Latimer evidently expects otherwise. 

C. A. Kuup 


University of Pennsylvania 


Theorie und Technik der Korrelationsanalyse, by Hans Richter-Altschiffer. 
Berlin: Institut fur landwirtschaftliche Marktforschung. 1932. 350 pp. 


This is an elementary textbook on the theory of correlation methods, intended 
for the non-mathematical reader interested in economic problems. The princi- 
pal methods of correlation are discussed, including simple and multiple correla- 
tion, both linear and curvilinear, as well as the various methods of free-hand 
curve fitting developed in recent years in the United States. 

The book is a well-written outline of the elements of correlation analysis. The 
exposition is lucid, and, though elementary, does not avoid a discussion of the 
mathematical groundwork of the subject. But there are some important omis- 
sions, and it may be questioned whether the treatment is adequate to justify the 
author’s claim, made in the preface, that the book is sufficient to give the reader 
“not only, I hope, a comprehensive (liickenloses) understanding of the theory of 
correlation, but to enable him directly to work on practical problems.” Anyone 
intending to use the more complicated forms of correlation analysis in economic 
research would do well to acquire a more detailed knowledge of the underlying 
theory than is obtained from this book. 

The interrelations of the various constants used in correlation analysis, and 
the fundamental identity of the various alternative definitions of each of these 
are in many cases not adequately brought out. It is not explained, for instance, 


that 


Tye V dys - bay = bye = bay”. 
Cy CO: 
In fact the relationship between the two regressions which may be obtained by 
correlating a pair of variables is not discussed, although this is fundamental to 
an understanding not only of the application of the theory of probability to cor- 
relation, but also of the work which has been done on statistical demand curves 
by such investigators as Schultz and Leontief. Similarly some fundamental 
properties of the coefficient of multiple correlation such as, for instance, 
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are not discussed. Moreover, no mention is made of the path coefficient, and the 
coefficient of partial correlation is mentioned only to indicate that a discussion 
of it has been omitted. 

So far as the treatment of the underlying theory goes, however, it has the 
merit of clarity and contains little to which anyone familiar with the subject 
could object. To the mathematical or semi-mathematical reader the exposition 
will seem unnecessarily repetitious and the ubiquitous numerical illustrations 
superfluous, but the reader who has forgotten some of his high-school algebra, for 
whom the book is intended, will find all this highly useful. Particularly to be 
commended from this point of view is the chapter in which the author explains 
the elements of calculus required for an understanding of normal equations. 

Nevertheless a few minor errors have crept into the exposition. It is stated, 
for instance, that if a variable Y is not completely determined by a variable X, 
it follows that variables other than Y must also be partly determined by X 
(p.72). The author presumably meant to say that it would follow that Y is in 
addition partly determined by factors other than X. It is also stated that the 
mode suffers from the disadvantage, in comparison with other measures of the 
central tendency in the distribution of a variable, that two variables differing 
greatly in their frequency distribution may have the same mode (p. 42) although 
it is later pointed out (p. 47) that the same is true of other such measures. 

The treatment of the standard errors of correlation and regression coefficients 
is extremely brief and quite inadequate to guard the unwary research worker 
against the pitfalls of correlation analysis. No mention is made of the danger 
of correlating one variable with two or more others when the latter are highly 
intercorrelated. Some of the author’s remarks on the subject of the use of trends 
and the meaning (if any) of “nonsense correlations” are open to question. It is, 
of course, true that when the trends of two variables are correlated there must at 
least be an indirect causal connection between them through the whole complex 
of factors making for social change (p. 325). But the causal connections in 
which the research worker is generally interested are those of a more direct char- 
acter; and the correlation of time series without the elimination of trends or the 
use of time as an independent variable does not enable us to distinguish the direct 
connections (if there are any) from the more indirect. 

The description of the various methods involving the use of free-hand curves 
will doubtless be most valuable to the German reader, in whose language this 
subject has not previously been covered adequately. To those, however, who 
are familiar with the American literature on the subject it will contain nothing 
that is new. 

On the whole, the book will serve as a valuable introduction to the theory of 
correlation for students whose mathematical preparation is insufficient to enable 
them to master the more esoteric works available on the subject in the German 
language. That some essential material should be omitted is perhaps inevitable 


in so short a book intended to cover so wide a field. 
H. J. WADLEIGH 


Bureau of Agricultural Economics 
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The Rise of the British Coal Industry, by J. U. Nef. London: George Rut- 
ledge and Sons, Ltd. 1932. 2 Vols. 448, 490 pp. 


To many economists Dr. Nef’s work is likely to be a source of embarrassment. 
For the most part, we have been inclined to regard English economic develop- 
ment from the accession of Elizabeth onward as a thoroughly tilled field, hardly 
worthy of further exploration. Yet, as a matter of fact, our knowledge of 
economic history prior to the industrial revolution has been based largely on 
the development of the textile industry. The coal industry, which was the 
material basis for the industrial expansion in Great Britain, has been almost 
entirely neglected by economic historians. Until a few years ago, we were 
compelled to rely chiefly on Galloway’s inadequate treatment for the history 
of the British coal industry prior to the middle of the eighteenth century. In 
1929, our background was reinforced by the joint contribution of T. S. Ashton 
and J. Sykes,! which extended the history back to 1700. But even at this early 
date, coal mining in Great Britain was already a flourishing industry. Nef 
picks up the thread where Ashton and Sykes began, and traces development 
back to the middle of the sixteenth century. 

That Dr. Nef has little respect for traditional concepts is revealed almost 
at once. He begins by disposing of the time-worn notion that coal mining 
in Great Britain experienced its most rapid expansion subsequent to the indus- 
trial revolution. The assumption was based on W. Stanley Jevon’s statement 
(The Coal Question, ed. 1906, pp. 263-264) that “the rate of multiplica- 
tion (in coal production) is in recent years many times as great as during pre- 
ceding centuries.” Professor Jevons’ conclusion was in turn supported by two 
tables he had compiled; one showing the “Vend of Coal from Newcastle” for 
the period 1609 to 1864, and the other showing the quantity of “coal imported 
into London” from 1650 to 1865. Nef extends both of these tables back an- 
other fifty years and shows that Jevons was able to establish his point only 
because he failed to obtain statistics for the earlier period. Actually, the 
rate of growth was much more rapid during the last half of the sixteenth cen- 
tury than in the first half of the nineteenth, as Jevons was led to believe. 

But the quantitative analysis is carried much further by Nef. From a mass 
of heterogeneous data he manages to make a creditable estimate of actual pro- 
duction in each of the principal mining districts from the middle of the six- 
teenth century onward. The factual basis for his estimate is drawn from three 
sources: (1) actual records of shipments contained in customs accounts, (2) 
scattered information regarding the number and importance of collieries in 
particular districts, and (3) from a few statements of seventeenth-century 
writers concerning the quantity of coal consumed in certain manufactures. 
The shortcomings of these sources are, of course, readily appreciated, and he 
recognizes that his estimates are subject to a wide margin of error. His final 
results, however, check closely with the trend of coal shipments along the east 
coast during the period which, after all, is the one piece of statistical evidence 
that inspires confidence. 


iThe Coal Industry of the Eighteenth Century, Manchester University Press, 268 pp! 
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are not discussed. Moreover, no mention is made of the path coefficient, and the 
coefficient of partial correlation is mentioned only to indicate that a discussion 
of it has been omitted. 

So far as the treatment of the underlying theory goes, however, it has the 
merit of clarity and contains little to which anyone familiar with the subject 
could object. To the mathematical or semi-mathematical reader the exposition 
will seem unnecessarily repetitious and the ubiquitous numerical illustrations 
superfluous, but the reader who has forgotten some of his high-school algebra, for 
whom the book is intended, will find all this highly useful. Particularly to be 
commended from this point of view is the chapter in which the author explains 
the elements of calculus required for an understanding of normal equations. 

Nevertheless a few minor errors have crept into the exposition. It is stated, 
for instance, that if a variable Y is not completely determined by a variable X, 
it follows that variables other than Y must also be partly determined by X 
(p.72). The author presumably meant to say that it would follow that Y is in 
addition partly determined by factors other than X. It is also stated that the 
mode suffers from the disadvantage, in comparison with other measures of the 
central tendency in the distribution of a variable, that two variables differing 
greatly in their frequency distribution may have the same mode (p. 42) although 
it is later pointed out (p. 47) that the same is true of other such measures. 

The treatment of the standard errors of correlation and regression coefficients 
is extremely brief and quite inadequate to guard the unwary research worker 
against the pitfalls of correlation analysis. No mention is made of the danger 
of correlating one variable with two or more others when the latter are highly 
intercorrelated. Some of the author’s remarks on the subject of the use of trends 
and the meaning (if any) of “nonsense correlations” are open to question. It is, 
of course, true that when the trends of two variables are correlated there must at 
least be an indirect causal connection between them through the whole complex 
of factors making for social change (p. 325). But the causal connections in 
which the research worker is generally interested are those of a more direct char- 
acter; and the correlation of time series without the elimination of trends or the 
use of time as an independent variable does not enable us to distinguish the direct 
connections (if there are any) from the more indirect. 

The description of the various methods involving the use of free-hand curves 
will doubtless be most valuable to the German reader, in whose language this 
subject has not previously been covered adequately. To those, however, who 
are familiar with the American literature on the subject it will contain nothing 
that is new. 

On the whole, the book will serve as a valuable introduction to the theory of 
correlation for students whose mathematical preparation is insufficient to enable 
them to master the more esoteric works available on the subject in the German 
language. That some essential material should be omitted is perhaps inevitable 
in so short a book intended to cover so wide a field. 

H. J. WADLEIGH 


Bureau of Agricultural Economics 
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The Rise of the British Coal Industry, by J. U. Nef. London: George Rut- 
ledge and Sons, Ltd. 1932. 2 Vols. 448, 490 pp. 


To many economists Dr. Nef’s work is likely to be a source of embarrassment. 
For the most part, we have been inclined to regard English economic develop- 
ment from the accession of Elizabeth onward as a thoroughly tilled field, hardly 
worthy of further exploration. Yet, as a matter of fact, our knowledge of 
economic history prior to the industrial revolution has been based largely on 
the development of the textile industry. The coal industry, which was the 
material basis for the industrial expansion in Great Britain, has been almost 
entirely neglected by economic historians. Until a few years ago, we were 
compelled to rely chiefly on Galloway’s inadequate treatment for the history 
of the British coal industry prior to the middle of the eighteenth century. In 
1929, our background was reinforced by the joint contribution of T. S. Ashton 
and J. Sykes,! which extended the history back to 1700. But even at this early 
date, coal mining in Great Britain was already a flourishing industry. Nef 
picks up the thread where Ashton and Sykes began, and traces development 
back to the middle of the sixteenth century. 

That Dr. Nef has little respect for traditional concepts is revealed almost 
at once. He begins by disposing of the time-worn notion that coal mining 
in Great Britain experienced its most rapid expansion subsequent to the indus- 
trial revolution. The assumption was based on W. Stanley Jevon’s statement 
(The Coal Question, ed. 1906, pp. 263-264) that “the rate of multiplica- 
tion (in coal production) is in recent years many times as great as during pre- 
ceding centuries.” Professor Jevons’ conclusion was in turn supported by two 
tables he had compiled; one showing the “Vend of Coal from Newcastle” for 
the period 1609 to 1864, and the other showing the quantity of “coal imported 
into London” from 1650 to 1865. Nef extends both of these tables back an- 
other fifty years and shows that Jevons was able to establish his point only 
because he failed to obtain statistics for the earlier period. Actually, the 
rate of growth was much more rapid during the last half of the sixteenth cen- 
tury than in the first half of the nineteenth, as Jevons was led to believe. 

But the quantitative analysis is carried much further by Nef. From a mass 
of heterogeneous data he manages to make a creditable estimate of actual pro- 
duction in each of the principal mining districts from the middle of the six- 
teenth century onward. The factual basis for his estimate is drawn from three 
sources: (1) actual records of shipments contained in customs accounts, (2) 
scattered information regarding the number and importance of collieries in 
particular districts, and (3) from a few statements of seventeenth-century 
writers concerning the quantity of coal consumed in certain manufactures. 
The shortcomings of these sources are, of course, readily appreciated, and he 
recognizes that his estimates are subject to a wide margin of error. His final 
results, however, check closely with the trend of coal shipments along the east 
coast during the period which, after all, is the one piece of statistical evidence 
that inspires confidence. 


The Coal Industry of the Eighteenth Century, Manchester University Press, 268 pp! 
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After tracing the history of each of the prominent producing districts, the 
author takes up the causes for the revolutionary growth of the British coal in- 
dustry that occurred during the late sixteenth and early seventeenth centuries. 
Of outstanding importance was the acute timber shortage which forced the 
adoption of coal as fuel for both household and industrial purposes. But 
the wood shortage was by no means the whole explanation. Dr. Nef is con- 
vinced that the period between the reigns of Elizabeth and the first of the 
Georges was marked by an early industrial revolution which has been obscured 
by the magnitude of the development that began toward the end of the eight- 
eenth century, and certainly sufficient evidence is presented to afford ample 
support for the conviction. A detailed study indicates that great advances 
were made in shipbuilding, salt making, and glass manufacture during the 
period. Time and space limitations did not permit similar quantitative 
analyses of other industries, but enough evidence was available to suggest that 
the output of most manufactured goods showed corresponding increases. On 
the other hand, both tin mining and iron smelting fail to show any marked 
expansion during the century and a half from 1550 to 1700. It is possible to 
account for the quiescence of tin production by the rise of the brass industry 
and the shrinkage of both the foreign and domestic markets for English tin 
and tin alloys. A satisfactory explanation for the stagnation of iron smelting 
is not so readily produced. All available information indicates that English 
iron output showed little or no growth from the Restoration to the middle of 
the eighteenth century. Nef doubts the accuracy of this evidence, but does not 
introduce any damaging counter-evidence. Instead, he rests his case simply 
on the fact that since there was an increase in the demand for metal products 
between 1550 and 1700, there must have been a corresponding increase in 
domestic iron production. But this is the only instance in the 938 pages where 
Dr. Nef falls short of the high standard of scholarship that characterizes the 
work as a whole. 

Nor is Dr. Nef’s work important simply because it is the first thorough treat- 
ment of the early development of the British coal industry by a competent his- 
torian. It is equally significant because of the light it throws on the rise of 
industrial capitalism and the evolution of the English common-law system of 
land ownership. The sections dealing with the growing power of capital, the 
final cleavage between capital and labor, the accompanying social repercussions, 
and why England offered a fertile field for the new economic order are notable 
contributions to economic history. 

The Rise of the British Coal Industry elicits unqualified respect. Repre- 
senting a decade of research, it is an example of a type of painstaking scholar- 
ship that is rarely found in the work of contemporary writers. In no instance 
does Dr. Nef resort to literary exhibitionism to help him over rough spots. 

H. O. Rogers 
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Tariff Policy of the United States: A Study of Recent Experience, by Percy W. 
Bidwell. Prepared for the American Committee appointed by The Coun- 
cil of Foreign Relations. 1933. 126 pp. 


In this volume Dr. Bidwell has performed precisely the task indicated by 
the title. It is a purely factual study of the policy, or rather policies, which 
the United States has laid down from time to time with respect to the tariff. 
The author indicates no opinion as to which policy ought to be adopted or 
whether all policies are equally bad. The facts are briefly and clearly stated 
and the book is most readable. 

The subjects covered are the most-favored-nation clause in commercial 
treaties; reciprocity as practiced by the United States with Canada, Hawaii, 
and Cuba; experiments in tariff bargaining in the acts of 1890, 1897, 1909, 
and 1913; the revival of an interest in tariff bargaining resulting from the de- 
pression and the change in the political complexion of the government in 1933; 
and tariff policy with respect to territories ana insular possessions—Hawaii, 
Puerto Rico, and the Philippine Islands. 

Among the matters discussed under these heads are the change in attitude 
with respect to the most-favored-nation clause, political factors entering into 
our reciprocity agreements, the possibility of harmonizing tariff bargaining 
with the recently adopted unconditional most-favored-nation clause, and the 
bearing of sectional and economic interests on our “colonial” tariff policy. 

The most-favored-nation clause in commercial treaties provides that when- 
ever either of the high contracting parties makes a concession in its tariff rates 
to a third party the concession shall automatically apply to the other high 
contracting party. The United States from the time of its first commercial 
treaty, concluded with France in 1778, throughout the nineteenth century, and 
for two decades in the twentieth century, had insisted that a conditional clause 
be added to the following effect: that the terms of the concession to the other 
high contracting party should automatically apply only if the concession to the 
third party had been freely made. If, however, the concession to the third 
party had been made in return for compensation, then it should be made to 
apply to the other high contracting party only in return for the same com- 
pensation. 

Early in the last decade the United States reversed its policy, and in treaties 
made since 1923 the most-favored-nation clause has been inserted in uncon- 
ditional form; that is, whenever either of the high contracting parties grants a 
tariff concession to a third party, this concession shall apply automatically to 
the other high contracting party. 

Dr. Bidwell discusses the bearing of this recent change in attitude on the 
movement for tariff bargaining that has recently been revived. He shows 
that the two principles, “equality of treatment” and “tariff bargaining,” are 
not necessarily inconsistent. Only, when the United States makes a bargain 
with any country, it must be prepared to extend the same terms to all the coun- 
tries with which it has unconditional most-favored-nation clause treaties. 
While the two principles are not necessarily irreconcilable, he holds that they 








110 American Statistical Association [110 


are likely to prove incompatible in practice, and quotes Professor Taussig in a 
paragraph in which the latter “scraps” his long cherished opinion in favor of 
equality of treatment. 

The bearing of tariff bargaining on the principle of cost equalization, and 
the possibility of tariff reduction by multilateral treaty are also discussed. In 
regard to the former he shows that “absurd situations might arise if the Presi- 
dent should continue to adjust rates to cost differences, and Congress should 
set up an agency of its own to conduct bargaining negotiations.” To the re- 
viewer, however, the difficulty does not seem insuperable. In limiting the 
Tariff Commission to the cost-equalization principle, Congress by no means 
surrendered its own right to levy duties on whatever principle it pleased, or 
on no principle whatever. If Congress set up an agency for tariff bargaining, 
rates arrived at by such an agency might be withdrawn from the jurisdiction 
of the President and the Commission, just as articles on the free list are now 
withdrawn. However, as the author suggests, the simpler solution would be 
to amend the flexible provision by requiring the Commission to present its find- 
ings in all cases, not to the President, but to Congress, which body should then 
exercise final power over all rate changes. 

As was stated, the book is historical and factual. It does not discuss policies 
on their merits: it states what they have been. One is struck, however, in read- 
ing such a statement of facts, by the unquestioning acceptance of mercantilism 
as a basis of tariff policy in the background of all American tariff legislation. 
In every item of policy it appears to be the aim of the nation to keep out wealth 
and to bring in money. By this the nation is assumed to gain. Does it? 

Pup G. Wricut 


Measures to Alleviate Unemployment in Connecticut : Report of the Connecti- 
cut Unemployment Commission. December, 1932. 205 pp. plus Appen- 
dix Tables. 

Report of Ohio Commission on Unemployment Insurance: Part I. November, 

1932. 99pp. Part II, January, 1933. 304 pp. 


At a time when any report on unemployment commands attention, those of 
the state commissions of Connecticut and Ohio, appearing within a month of 
each other, would each deserve study separately; they gain in interest, however, 
when examined together because of the striking contrast which they present 
both in matter and in attitude. 

The Connecticut report advocates “voluntary action of employing units” for 
“ protection to their stable employees,” while the Ohio report recommends com- 
pulsory unemployment insurance which shall be statewide with the exception of 
agriculture, domestic service, commerce and some smaller groups. 

The Connecticut Commission undertook a considerable investigation into the 
numbers of workers employed but unfortunately failed in important respects to 
produce a typical picture. Firms supposed to employ five or more workers were 
asked to give the numbers on their payrolls at some date in the spring of 1932 
and at the corresponding date in 1929. The results have four serious weaknesses. 
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all tending to underestimate unemployment. First, firms gone out of business 
before 1932 are severely underrepresented, and this is not allowed for in the esti- 
mates of unemployment though mentioned later in the report. Second, many 
firms did not collaborate, and non-collaboration is apparently correlated with 
shrinkage of payrolls. From building and construction, for instance, there were 
few returns, with a high shrinkage rate, and this was uncompensated for in the 
calculations, as building and construction were not separated from manufactur- 
ing. Third, for each industrial group, the percentage diminution in employees 
since 1929 was treated as the whole of unemployment, overlooking the unemploy- 
ment certainly present in the spring of 1929. Fourth, the census group with in- 
dustry unspecified was not allowed any unemployment at all although the federal 
census found very high rates for this group. Correcting for these, with the very 
conservative allowance of 2% per cent for unemployment in the spring of 1929, 
would raise the figure from the 21 per cent which the report suggests to at least 
26 per cent. Similar adjustment of the figures for New Haven alone would 
bring it exactly into line with the surveys made in New Haven in May-June of 
1931 and 1933. New departures in industrial classification necessitated an at- 
tempt to reclassify the census material, but this has obviously been unsuccessful, 
nor has the novelty much to recommend it. 

The Ohio Committee has not gone into first-hand investigation on the grand 
scale, but the report includes some small first-hand studies. A study in Cincin- 
nati really produces no more than a collection of hard luck case descriptions, 
such as might well have been made a century ago before techniques had been de- 
veloped to ascertain relative prevalence; it therefore gives little enlightenment. 
From Columbus comes a study on a larger scale and with better technique, which 
provides data on the number of weeks lost from work during the foregoing year. 
Probably the length of unemployment was somewhat exaggerated, since it is dif- 
ficult to reconcile 33.4 per cent unemployment at the time of investigation either 
with 47.4 per cent unemployed for more than nine months of the year or with the 
general average unemployment of 50 per cent for the preceding year which can 
be calculated from the data on length of unemployment. 

Taking the data on length of unemployment at their face value, the average 
worker had been unemployed six months of the previous year while the number 
of weeks’ benefit for which he would have been eligible under the Commission’s 
recommendations could not have been more than ten weeks and would probably 
have been considerably less. 

The main statistical interest of the report, however, centers upon the estimates 
of the insurable labor force and the average number of unemployed within that 
force, year by year, from 1920 to 1931. From these estimates computations are 
made of the way in which the Commission’s recommendation would have worked 
had it been in force from the beginning of 1923. Under the scheme, insured 
workers were to become eligible for benefit when they had been 3 weeks unem- 
ployed, and 16 weeks benefit was the maximum that could be drawn in a year. 
From the 1930 census it was computed that just under 50 per cent of the Ohio 
unemployed had been at least 3 weeks but not more than 19 weeks unemployed, 
and could thus possibly have been eligible for benefit. It is assumed in the com- 
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putations that 50 per cent would be the usual proportion in other years as well, 
but this seems improbable. For Columbus, Ohio, the percentage was 49.7 from 
the 1930 census, but in the local investigations made yearly from 1921 to 1925 
they varied from 33 per cent in 1923 to 47 per cent in 1924. In the present de- 
pression they would no doubt have run very low. In Buffalo, New York, where 
from the 1930 census the percentage in April would have been 52.6, this was ap- 
parently the high point, for the local November surveys yield 40 for 1929, 42 for 
1930, 28 for 1931 and actually 15 for 1932. In New Haven, Connecticut, against 
a census figure of 38.8 we have 35 in May-June, 1931, and 25 in May—June, 1933. 
It seems probable, therefore, that the proportion of the unemployed that would 
have been in receipt of benefit has been exaggerated, and would really average 
less than 40 per cent. 

In addition, the figures for all unemployed insurable workers are apparently 
too large as compared with those for the employed. The unemployed in 
Class A and B from the 1930 census, after elimination of certain non-insurable 
groups, seem to have been coupled not with the corresponding figure for the June 
census for gainful workers at work but with a figure only about three-quarters as 
large obtained from the data of the Ohio Division of Labor Statistics. If the 
figure for the unemployed in 1930 is scaled down to correspond with the smaller 
group of employed workers used in the computations the unemployed figures for 
all years are reduced, probably by nearly 25 per cent. Adjusting both the pro- 
portion of insurable workers unemployed and the proportion of the unemployed 
that are eligible for benefits, the aggregates of benefits claimable would probably 
be reduced by nearly 40 per cent, while the income from contributions would re- 
main the same. In view of the slender assistance which the particular scheme 
recommended would provide in time of deep depression, one is glad to believe 
that the hypothetical balance sheet of the fund exaggerates payments of benefit 
as compared with receipts of contributions, and that considerably less meager 
provisions regarding maximum period of benefit would probably cost no more 
than the Commission’s scheme was supposed by them to cost. 

Tables on pages 210 and 211 of Part II are criticizable for the undue accuracy 
suggested by their presentation. In view of the almost conjectural nature which 
a series of employment and unemployment figures for 1920-31 must have, the 
decision to deal in rounded numbers was well taken, but the statistician may 
question whether the principle has been carried far enough. In most of the 
population and employment figures one extra place if not more could well be re- 
garded as doubtful, and surely unemployment rates should not in the circum- 
stances have been carried past the decimal point. 

Maraaret H. Hoce 


Russell Sage Foundation 


Financial Foreign Policy of the United States, by James W. Angell. New York: 
The Council on Foreign Relations. 1933. vi, 146 pp. 
This brochure was prepared originally for presentation as a report to the 
London Conference of Institutions for the Scientific Study of International 
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Relations on behalf of a committee of the Council on Foreign Relations. The 
Council is to be congratulated upon making it available to a wider audience, 
and the author upon a survey of exceptional compactness and merit. 

Professor Angell focusses attention upon the actions of the government in 
connection with the export of American capital and the extension of American 
economic influence abroad. On the basis chiefly of secondary literature dealing 
with our relations with various countries, he presents first of all a clear state- 
ment of what has been done and of the more direct implications. Conduct 
within the American sphere of special influence is compared with that toward 
other parts of Latin America. A contrast is then drawn between this policy 
and that of the open door pursued in the Near and Far East. Chapter V 
discusses State Department action since 1922 in the direct control of capital 
exports. In conclusion there is a brief summary of the indirect encourage- 
ment of capital export to Europe implicit in the tariff and war debt policy. 

Angell assumes perhaps too sweepingly that our financial policies have al- 
ways promoted the material interests of the United States. Is this true of 
the West Indies? While denying that the United States has pursued a com- 
prehensive intentional imperialism, Angell admits that spasmodic, ad hoc be- 
havior in numerous cases has tended to add up to the same results. Much the 
same argument might be advanced with respect to many of the incidents of 
British and French—not to say Roman—imperialism. In the case of the 
United States it is in part the continuously shifting personnel that makes 
policy appear more discontinuous. 

Nevertheless the outstanding impressions made by Angell’s cogent presenta- 
tion are that an extraordinary amount of public energy has gone to the direct 
and indirect encouragement of foreign investment of recent years, that a great 
diversity of techniques has been employed to smooth the way for investors 
abroad, and that the consequences have been wholly injurious for our interna- 
tional relations. The analysis of these conditions with respect to Latin Amer- 
ica presented in chapter IV is a masterpiece. As a whole, Angell’s brochure 
constitutes the most effective restatement available of the main contentions 
of liberal criticism of the federal foreign investment policy of the last quarter 
century. It is of interest to note that one of these criticisms, against the 
unilateral character of our financial controls, has now been met in the case of 
Haiti by the recent executive accord, which explicitly subjects the stipulations 
to arbitration in case of diplomatic disagreement as to their interpretation. 

Letanp H. Jenks 

Wellesley College 


Imperial Committee on Economic Consultation and Coéperation—Report. London: 
H. M. Stationery Office. Cmd. 4335. 1933. 131 pp. 


The story of the development within the British Empire in the past twenty 
years of a dozen agencies for inter-imperial economic consultation and codpera- 
tion reminds one of Topsy’s immortal remark in Uncle Tom’s Cabin “I ’spect I 
growed. Don’t think nobody never made me.”’ 
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The present Report resulted from a vote of the Ottawa Conference of 1932 
which recommended the establishment of a committee 


to consider the means of facilitating economic consultation and codéperation 

between the several Governments of the Commonwealth, including a survey of 

the functions, organization and financial bases of the agencies specified in the 

annexed report, and an examination of what alterations or modifications, if any, 

,- tee machinery for such coéperation within the Commonwealth are 
esirable. 


The ‘agencies specified” included committees and institutes with a wide range 
of purposes; research bodies concerned with mycology and entomology, and forest 
botany, bodies engaged in ad hoc investigations, such as the Overseas Mechanical 
Transport Council, and specialist advisory bodies such as the Imperial Shipping 
Committee. These bodies developed without fixed plan, supported in part from 
funds from private sources, in part by small and uncertain contributions from 
Dominion Governments, but mainly by the taxpayers of the United Kingdom. 
The inevitable result was uncertainty, overlapping and confusion. The Commit- 
tee, which included representatives of each of the governments participating at 
Ottawa, with Dr. O. D. Skelton of Canada as Chairman, has done a thorough 
job. It has traced the history of each of the existing agencies, described its work 
and analyzed its financial bases. Its recommendations involve no drastic cen- 
tralization or curtailment of existing services. A few bureaus are to be consoli- 
dated and the work of others is to be rearranged. From the point of view of 
inter-imperial trade, the most significant suggestions are that the powers of the 
Imperial Economic Committee be enlarged and that it be entrusted with the 
market intelligence service and other statistical work developed since 1926 by the 
Empire Marketing Board. For the first time a consolidated budget was drawn 
up by the Committee for those services which it recommends should be in the 
future financed coéperatively by the several Governments of the Empire. It 
also set up a scale of contributions for each based on the benefits which each is 
likely to receive. The total sum to be raised is set at £24,000, of which the 
United Kingdom and crown colonies are to be assessed 35 per cent. Students of 
the history of the process of the federation of the self-governing units of the 
British Empire will find the Report well worth their attention. The growth in 
the Dominions of increased national consciousness, and the establishment in 
each of various agencies for scientific research and economic inquiry, complicates 
the problem of providing for effective codperation along imperial lines. The 
solution, the Committee recognizes, must be found not by rigid centralization in 
London, but by recognizing, utilizing and codrdinating the facilities already 
present in the Dominion capitals. 
The University of Buffalo P. W. BipwELL 


The Industrial Commission of Wisconsin, by A. J. Altmeyer. Madison: Univer- 
sity of Wisconsin. (University of Wisconsin Studies in the Social Sciences and 
History, Number 17.) 1932. 324 pp. 


The Industrial Commission of Wisconsin was established in 1911 to administer 
the labor laws of the state. This account of its development is written by the 
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man who has been its secretary for more than ten years and who for a long period 
before assuming this position had been closely associated with the state uni- 
versity at Madison and with those responsible for the Commission’s growth. 
Dr. Altmeyer says in the preface to his book that he cannot hope to be impartial, 
but he has succeeded in presenting a clear and orderly history of this first attempt 
to apply in the field of labor legislation the commission form of administration, 
already tried for railroads and other public utilities, and has pointed out certain 
weaknesses of the present set-up with a frankness rarely found among those 
whose jobs may depend on their defense of things as they are. 

The book is essentially a description of the administration of Wisconsin labor 
law. After a brief introduction, four chapters cover workmen’s compensation, 
safety and sanitation, woman and child labor, employment offices, apprentice- 
ship, mediation and arbitration, unemployment research and miscellaneous func- 
tions. In each section is presented an account of the statutory provisions, 
administrative organization, orders and policies. Procedures of formulating or- 
ders and of administration are set forth in minute detail, historically as well as 
with careful description of each bit of office routine. Salaries of employees are 
given. Results of experience, including cost, are shown in tables. The factual 
statements are followed by an appraisal of what has been done and a final chapter 
gives the author’s conclusions in the form of generalizations based on the detailed 
analyses which have preceded and on his familiarity with labor law administra- 
tion in other states. These conclusions are in the form of “a tentative statement 
of principles of labor law administration.” 

The principal value of such a manual of commission administration as Dr. Alt- 
meyer has written lies in its reference possibilities. The answer to nearly every 
question that could be asked regarding procedure and the accomplishments of 
labor law administration in Wisconsin is in the book, from whether or not most 
of the personnel are under the civil service, to the results of physical examina- 
tions of children applying for labor permits in Milwaukee. But one will have a 
hard time finding it, for there is no index, no list of tables, and no running chapter 
or section heads. Fifty-two numbered tables and several unnumbered tabula- 
tions present the history of the Wisconsin Industrial Commission from 1911 
through 1931. It is a pity, in view of the obviously great care with which the 
material was compiled and organized, that the ordinary devices for handy refer- 
ence were omitted. 

What has been done in Wisconsin has not happened over night. It is twenty 
years since the Commission decided that little was to be gained by “making an 
example” of an employer who failed to comply with its rules and was prosecuted, 
fined and publicized therefor. Rather, the entire standard of regulation and 
compliance has been raised by gradual stages. From reading Dr. Altmeyer’s 
book one gets a clear impression that, while the commission form of labor law 
administration in itself may be the most efficient, in that the same body which 
makes the rules enforces them, its success in Wisconsin has depended largely on 
the quality and utilization of the personnel, most of whom are under the civil 
service and have been carefully selected and trained for their jobs; salaries are 
fair and turnover in most departments has been low. While a larger staff could 
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be employed to advantage, the available force for the most part has been used 
effectively. In the words of the conclusion, “perfecting the machinery in itself 
will avail little, if at the same time we do not devise ways and means of securing 
competent and impartial persons to operate it. This is particularly true in labor 
law administration which continuously affects mutually antagonistic interests.” 

With some of these mutually antagonistic interests the Wisconsin Industrial 
Commission has done little to interfere. Thus, in the field of woman and child 
labor relatively few general orders have been issued and such as have become ef- 
fective for the most part have deliberalized rather than tightened up existing 
statutes; “it has avoided almost completely the unattractive field of mediation 
in industrial disputes.” Perhaps this avoidance of participation in controversies 
which cannot be settled by application of exact knowledge, as can be done in the 
case of problems of safety and sanitation, has been another reason for the success 
of the Wisconsin Commission in those parts of its field in which it has chosen to 
operate. Roughly one-third of the budget is spent for safety and sanitation 
work, one-fifth for workmen’s compensation law administration, one-eighth on 
public employment offices and one-sixth on general administration. Woman and 
child labor laws have required ten per cent, statistics five, apprenticeship three 
and mediation and arbitration practically nothing. 

There is a question, also, regarding the degree to which the closely integrated 
commission form could succeed in a state where the administrative burden is 
necessarily heavy, with a consequent separation of the commissioners themselves 
from close contact with all phases of their work. Of the several other states 
which have established industrial commissions to administer their labor laws few, 
if any, have succeeded so well as Wisconsin in avoiding compromises tending 
toward decentralization. 

Maraaret L. STECKER 


State Socialism in Victoria, by F. W. Eggleston. London: P. 8. King & Son. 
1932. xv, 346 pp. 


Labor has had less power in Victoria than in the rest of Australia, and its 
“State Socialism” has certainly not been operated by socialists. It has avoided 
“petty, expensive, catch-penny” expedients like “Government fish-and-meat- 
shops” and confined itself “chiefly to great common services likely to become 
monopolies.” Nevertheless, it represents “possibly . . . the most comprehen- 
sive use of State power outside Russia.” The Victorian record is therefore 
well worth reviewing, particularly at a time when our own use of government 
power increases daily; and the author possesses unusual qualifications for the 
task. As a member of the Victorian Cabinet, he had responsible charge of sev- 
eral of the state services; and as a scholarly commentator upon them, he has 
received a prize award from Melbourne University. 

Mr. Eggleston began his ministerial career “a strong advocate of public 
ownership” and left it with the intense conviction that State Socialism is 4 
failure. The book is an exposition of the second thesis. Part of the evidence 
is quantitative. The author shows concealed deficits in the accounts of gov- 
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ernment enterprises, finds what he calls “the politician’s curve” of mounting 
expenditures, and—since he “distrusts generalised statistics”—gives figures 
which “are as detailed, and cover as long a period as possible.” The latter, 
however, are not always made an integral part of the argument; and the greater 
interest of the book lies in his more qualitative comments on the shortcomings 
of particular enterprises, which seem to him least in certain indirectly-elected 
municipal bodies like the Melbourne Harbour Trust and most serious where 
political control and the exaggerated Australian faith in expenditure for “de- 
velopment” have had the fullest sway. The trouble, he argues, is that the 
pressure of particular interests (customers, for example, and employees) is too 
strong to permit administrators to be “straitlaced,” “austere,” and “Glad- 
stonian” in the avoiding of deficits. Appropriately, therefore, the last words 
of the book are an appeal to “a personal conviction of sin.” 

The author chooses an unlucky time to argue that “a society in which private 
enterprise is the rule will show more elasticity and quicker recuperation” and 
that the consciously-expressed demand of the individual consumer is a satis- 
factory guide for economic activity. But he does succeed admirably in raising 
one searching question. If financial soundness is not to be taken as the test 
of a government enterprise, what is the alternative criterion? How is per- 
formance to be judged, and what measures can be devised for comparing one 
industry with another? This is a question which must be met by all who plan 
extensions of governmental activity. It has not been answered, it has scarcely 
been seen, by those who have operated the state services of Victoria. 

Carter GooprIcH 


Columbia University 


Home Finance and Taxation, Volume II, 278 pp.; Slums, Large Scale Housing 
and Decentralization, Volume III, 245 pp.; Home Ownership, Income and 
Types of Dwellings, Volume IV, 230 pp. President’s Conference on Home 
Building and Home Ownership. Washington, D.C. 1932. 


The volumes of the President’s Conference on Home Building and Home 
Ownership purport to assemble and evaluate the work that has been done in 
housing in the United States. Twenty-five iact finding and six correlating 
committees were selected to report to the Conference which was held in Wash- 
ington in December, 1931. These three publications contain the reports and 
the data that were collected by ten of the fact finding committees. 

Housing is a field which until recently has received very little attention by 
students of the social sciences. With the exception of investigations now and 
then resulting from the efforts of a few housing reformers there has been almost 
no systematic housing research in this country. A casual perusal of these re- 
ports will soon reveal the misguided effort of attempting by means of a large 
number of unwieldly committees to supply the great gaps in our knowledge, 
not to say of providing a point of view from which to analyze the complex prob- 
lems that are involved. 

The field of finance is one of the most important branches of the subject. 
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One therefore opens Volume II with considerable expectation. What has the 
Committee on Finance, of which the President of the Metropolitan Life In- 
surance Company was the Chairman, to recommend concerning the flow of 
funds into channels of low rental construction at terms that would assure the 
erection of new dwellings to meet the need of most families? 

“The Committee believes that a down payment of about 25 per cent of 
the purchase price should be established as the basis of a sound home purchase 
transaction” (p. 4); “the establishment of central appraisal bureaus in the 
various cities for the purpose of stimulating home ownership through sound 
appraisals” (p. 5). It recommends “to all home buyers the advantages of 
long term amortized loans and, where there is a second mortgage, that the 
principal instalment on the first mortgage be deferred to the end of the second 
or third year” (p.7). 

As one of the dissenting members has said concerning the majority report: 
“The members of the Committee seem to have considered the entire home financ- 
ing problem, not from the point of view of the home buyer, but from the point 
of view of the investor who is anxious about his security” (p. 51). To the 
reviewer it seems that the Committee has completely evaded the problems of 
financing a low rental housing program. Interesting data concerning invest- 
ment policies of lending agencies are included in the appendices. 

Volume IT also contains the report and supporting data of the Committee 
on Taxation. Discussion of the inadequacies of the property tax covers fa- 
miliar ground. Proposals for exempting land and improvements for home 
owners are discouraged but the Committee assumes a position of watchful 
waiting in the matter of exemption of improvements of limited dividend hous- 
ing corporations that seek to provide adequate housing in congested urban 
centers. “Although the experience under the Law in New York City (ex- 
empting buildings from taxation) is too new to warrant the committee in 
altering its opinion as to the advisability of exemptions in general, it feels that 
the progress of the experiment deserves close attention” (p. 130). 

For a comprehensive grasp of the housing problem one must turn to Volume 
III which contains the report of the Committee on Large Scale Operations 
headed by Mr. Alfred K. Stern. It stands out far above any of the others in 
its clear cut statement of the issues involved. The first sentence reads: “The 
committee believes that the present breakdown in the financing, construction, 
and distribution of homes is more than a temporary or emergency situation.” 
It goes on to say that “ our deficiencies have not been produced by the present 
cessation of the normal methods of home construction; they are rather, as 
there is plenty of evidence to show, the cumulative result of those methods for 
over a generation. New houses of acceptable standard of living are too expen- 
sive for two-thirds of the population; while dwellings that meet fully the re- 
quirements of cheapness are too unsound for safe financial investment” (p. 66). 
Although large-scale operations should serve in blighted districts, the best op- 
portunity for utilizing the advantages of such operations are to be found in 
outlying or hitherto unbuilt areas. “More necessary than all other require- 
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ments for the application of large-scale operation is a plentiful supply of 
money at low interest rates” (p. 76). 

The Committee on Blighted Areas and Slums discusses Various proposals for 
rebuilding these areas. The appendices contain brief papers on the legal and 
financial aspects of slum clearance. It might be noted that the definition of 
a “blighted area” which seems to have found favor in some quarters is too 
broad. In times of depression almost any section of our cities might be said 
to be an “economic liability to the community.” The Committee on Business 
and Housing has very little to say. Dr. Ely’s paper included in the appendix 
on “Economic Factors Underlying Housing” suffers very much by comparison 
with the analysis presented in the report on “Large Scale Operations.” 
Volume III concludes with the report of the Committee on Industrial Decen- 
tralization, for which Professor Warren S. Thompson contributes a paper on 
“Trends of Population.” 

The report of the Committee on “The Relation of Income and the Home” 
included in Volume IV presents a summary of housing expenditures in recent 
family budget studies in the United States. The primary research project 
presented is the statistical analysis of 789 native born families having an in- 
come of $3,000 or less in 1930 in the City of Buffalo, New York. The Com- 
mittee whose report concludes this volume has the colorless title of “Types of 
Dwellings.” However, its report contains a valuable discussion of the essen- 
tials of good housing and how these essentials may best be provided. 

AsHER ACHINSTEIN 


New York State Board of Housing 


The Retirement of National Debts: The Theory and History Since the World 
War, by William Withers. New York: Columbia University Press. 1932. 


344 pp. 


In his preface to this volume Dr. Withers makes the important observation: 
“Tt is possible that in the social sciences the day of rigid specialization is over, 
and that the problems of social life will henceforth be given a more synthetic 
treatment.” Probably this statement has been even more true of the United 
States than of Europe. For some years the tendency toward specialization and 
often regrettably toward mere description and narration, has been very pro- 
nounced. There are still among the social scientists a few distinguished figures 
actively at work who have attempted to interpret social life broadly, but the 
number between the ages of, say, fifty and sixty-five is not large. 

For this the reasons are twofold. The difficulties of interpretation were grow- 
ing and were increasingly apparent. Thus, many of the older generalizations 
were based, as Patten urged, on the concept of a “deficit” rather than of a “sur- 
plus” economy; they rested, at least to a degree, on the findings in psychology 
and in other related sciences of an earlier day, many of which were discarded by 
the younger students in those fields, but with little agreement on the newer views; 
they explained a laissez-faire, competitive régime which was rapidly changing 
and called for a modified interpretation. 
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These difficulties were those of theoretical interpretation and were enough in 
themselves to have deterred the student. The other reason for the general trend 
has been the availability of a growing mass of accumulated data in the various 
specialized fields, data which have permitted an examination and analysis and, it 
has been hoped, inductive work which could in time be extended over a wide area 
and permit a body of theory that would be a more accurate interpretation of 
modern social life. 

Whether these hopes will be realized remains to be seen, but it is interesting 
and encouraging to observe the growing number who are now undertaking the 
task. Unless it is attempted we shall continue to be harassed by textbooks 
which often merely restate the older generalizations, frequently in forms that the 
teachers in the classroom cannot satisfactorily apply. Only too often, also, the 
chapters or separate volumes on “Problems” are curiously unrelated to the gen- 
eral theories set forth elsewhere, perhaps by the same authors. 

It is this difficulty that Dr. Withers approaches in the field covered by his 
volume. He believes that much work in public finance has been unsatisfactory 
because “based upon the most popular theories of value and distribution, that is, 
the neo-classical and marginal productivity theories.” In his attempt he finds 
himself carried into “money, banking and international trade as well as value 
theory.” After four chapters which present chiefly the facts of national debt re- 
tirement in the post-war period, he presents his theoretical treatment under the 
headings: (a) monetary effects; (b) banking effects; (c) international effects; 
(d) distribution effects; (e) production effects; (f) theory of debt burden; and 
(g) relation of the theory of debt burden to the theory of debt retirement. 
Theoretical writers, older and more recent, are drawn upon, among the latter 
being the report of the English Committee on National Debt and Taxation (the 
Colwyn Committee), a report which is extensively utilized. 

A careful reading of the volume leaves two distinct impressions. One is the 
intricacy of the subject and its ramifications, not only into all aspects of econom- 
ics but into politics, psychology and other related fields. The other is the ex- 
treme care which must be used in stating conclusions. On only a few matters can 
the student feel at all confident and they are so very general as to be of little help 
in determining conduct. This is illustrated by Dr. Withers’ conclusion (p. 277): 
“Tt cannot be definitely shown that taxation will decrease the amount of saving, 
and there is considerable plausibility in the belief that it will increase it”; also by 
his arguments in Chapter V on the monetary effects of debt retirement in which 
he finds so many qualifications with regard to the effects of declining prices upon 
the burden of debt (summarized on p. 162). 

Most important among the general conclusions are the ones that “there can 
be no burden apart from the production, transfer and distribution burdens” 
(p. 297), and that “all burdens are reduced in the final analysis to two: real and 
psychological burdens” (p. 287). Needless to say, such views will not be easily 
grasped by the layman and offer serious difficulties even to the specialist who 
is painfully conscious of the difficulties raised, especially by excursions into 


psychology. 
In so extended a study there must be many matters on which a reviewer will 
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find himself in disagreement. Two may be mentioned. One is the method of 
treating some of the topics. A presentation of the intricate considerations in- 
volved is important, but one may urge that in summing up attention be given to 
the relative importance of various factors. The reviewer feels this has not al- 
ways been done, e.g., in the discussion of the relation between falling price levels 
and debt burden. The issue arises most often in periods like that from 1929 to 
1933 and it seems that the price decline has caused such an addition to debt bur- 
den as to call for more emphasis than the author gives it (especially pp. 162-3). 

A second line of disagreement is with numerous special references, only one of 
which may be mentioned and that largely by way of illustration. The author 
shares the rather common view that wealthy individuals to a large degree escape 
tax payments by the purchase of tax exempt securities. This has been correct 
only within quite narrow limits, so narrow in fact that the amount of revenue 
lost by the government because of avoidance of surtaxes in the higher brackets 
has probably not been large. Conditions may conceivably have been modified 
since 1929 but prior to that time large individual incomes were secured chiefly 
from dividends on stock and through gains from the sale of capital assets held 
more than two years. The reviewer, however, thoroughly agrees with the gen- 
eral conclusion that the issue of tax exempt securities should be discontinued. 

Ernest MInor PaTTrersoNn 


University of Pennsylvania 


The Development of American Industries, Their Economic Significance, planned 
and edited by John George Glover and William Bouch Cornell. New York: 
Prentice-Hall, Inc. 1932. 932 pp. 


This symposium represents three pounds and six ounces of economic descrip- 
tive matter divided into forty-one chapters, with a complete index. Each chap- 
ter deals with a specific American industry, except the first which discusses 
labor’s contribution to industry, and the last which describes the trade associa- 
tion movement. The chapters are prepared by industrial leaders, often presi- 
dents or vice-presidents, of leading corporations. 

The general pattern of each chapter is: first, an historical survey, which in 
many cases is extremely interesting; next, a study of the American develop- 
ment of the industry; and then, sections covering such topics as the industrial 
process, the financing of the industry, the individuals or concerns prominent 
in it, the history of scientific and technical development, geographical, legis- 
lative and organization factors, and in most cases some few selected statistics. 

The various authors have shown their individualism both as to subject mat- 
ter and topics. The chapter on the fishing industry, for example, is primarily 
descriptive of areas and processes, while the chapter on the chemical industry 
penetrates into such matters as costs and profits. An obvious attempt has 
been made to avoid technical phraseology or detailed scientific explanations. 
As a result there is no great profundity, and a man conversant with a given 
industry would probably find nothing in the chapter on his industry—except 
perhaps its early history—which he did not know before. Each section is a 
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handy grouping of certain facts which would help a layman to gain some idea of 
what an industry is all about. Perhaps the greatest usefulness of the book is to 
impress upon the reader the degree to which geographical and technical con- 
siderations tend to define economic activity. 

The book was developed primarily for use as a text in colleges, but it raises 
few problems and provides descriptive matter without analysis. To be sure, 
the very differences among the industries might stimulate the student to raise 
questions and to desire to know more. It is unfair perhaps to accuse the volume 
of lack of profundity, since it makes no pretensions thereto. As a matter of 
fact, the very absence of ramified technicalities is one of the main contributing 
factors in making the volume a surprisingly easy and interesting bit of reading. 

Chapters on the power industry, the telegraph industry, and the aeronautics 
industry are particularly interesting from an historical point of view. The 
two chapters on the textile industry include a considerable discussion of the 
industrial revolution, and concern themselves especially with the effect of techni- 
cal advances on the industry. Most chapters avoid limiting the discussion to 
single companies, or branches of the industry except where there is no alterna- 
tive, as in the telephone industry, or where one firm is used as a typical example, 
as in Mr. Ochs’ chapter on the newspaper industry which deals almost exclu- 
sively with the New York Times. 

Wiuarp L. THorp 

United States Bureau of Foreign and Domestic Commerce 


Performance of Department Stores: 19382, by Edward H. Gault. Ann Arbor: 
University of Michigan Bureau of Business Administration, Bureau of Busi- 
ness Research. 1933. 83 pp. 


Professor Gault has performed a useful service both for the retail business 
and for students of marketing by his collection, compilation and interpretation 
of figures showing the operating performances of some 20 medium-sized de- 
partment stores for the year 1932. This is the fifth Annual Report of its kind 
and the entire series is of special interest for the reason that the facts and 
figures collected each year come from the same group of stores. It is, there- 
fore, possible to trace the changes in what is probably a fairly typical group of 
medium sized department stores from the peaks of business back in 1928 and 
1929 down through the years of depression. This series of reports will un- 
doubtedly prove of historical value to future investigators of the causes and 
effects of business depressions as well as to present readers. 

The facts presented in this report are sad enough from a business standpoint. 
The entire group suffered a net loss for the year of about 5.3 per cent of net 
sales. It would be interesting to know, though not specifically stated, whether 
any store in the entire group made a net profit. Sales in 1932 were more than 
40 per cent below those of 1929. Original markups and actual gross margins 
declined slightly from predepression figures. Markdowns, however, increased, 
while expenses in relation to net sales soared. An outstanding point brought 
out in this report shows that in spite of the general sales declines certain de- 





123] Reviews 123 


partments forged ahead both in volume and in net profits. These were re- 
spectively: corsets and brassieres, waists and knit goods, hosiery, muslin and 
silk underwear, toilet articles, notions, laces, neckwear and veilings. All of 
these departments handle merchandise of small unit cost but with a high fashion 
interest. It is noteworthy that while consumers’ purchasing power declined 
the interest in fashion apparently increased. Through both good and bad 
times fashion is obviously a controlling factor in consumer demand. 

The only general conclusion drawn from the entire study applicable to de- 
partment store operation is the obvious need for reducing operating expenses 
in line with smaller sales volumes. 

Professor Gault concludes that expenses are more easily controlled than the 
general level of retail prices and gross margins. It is to be hoped that these 
statistical studies of department store performances will be continued for 1933 
and following years so that a complete record will be available of the effects of 
a major business cycle in all of its phases. 

Paut H. Nystrom 


Columbia University 
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